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1.

Summary

This proposal requests continued support for a highly integrated
series of investigationswithin
the Analysis of Ecosystems Program,
which itself
forms part of the United States effort under the Interna-·
tional Biological Program. As such, it is not to be considered in
isolation.
The program for the Desert Biome has been approved by the
U.S. Executive Committee for the IBP as an Integrated
Research Program,
and is at a higher level integrated
with other programs in progress or
under development for the Analysis of Ecosystems.
The present proµosal,
concerned with desert ecosystems, is one of six which collectively
will
cover all the more important types of ecosystems in this country.
The deserts with which this proposal is concerned occupy some
15% of the area of the coterminous United States.
Although their
productivity
is less than that of many other areas, they are more
vulnerable
to ill-considered
use, and are currently
subject in many
places to rapid modification.
The understanding
of their ecosystems
to which this proposal is directed can accordingly claim urgency, as
well as scientific
and practical
value.
A Research Design for the whole,. Desert Biome program has been
prepared, and the present proposal should be read in.connection
with
that document.
1.1.

Objectives

A major goal of the International
Biological Program is to
develop understanding
of the biological
basi~ of productivity
in nature.
This implies an understanding
of the dynamics and functioning
of the
ecosystems into which natural processes are integrated.
If this
understanding
is wide enough and deep enough, it can serve as an
effective
guide to prediction
of the changes that are likely to come
about when ecosystems are subject to stresses,
pressures,
and manipulations, and hence to direct the wise use and management of natural
_ecosystems.
Applying this general objective
to the deserts,
express our immediate objectives
as follows:

we may accordingly

1.1.1.
to elucidate
productivity,
nutrient
cycling, energy
flow and other characteristics
of desert ecosystems, terrestrial
and
aquatic;
1.1.2.
to determine the processes causing transfers
and energy among the components of these systems; and

of matter

1.1.3.
to synthesize
the results
of this and previous studies
into predictive
models to serve as guides to resource management
in the deserts.
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Rationale
1.2.1.

Process

studies

The approach to the dynamic relations
in desert ecosystems envisaged
in this proposal is based on the derivation
of computable functions
which will express the rate of change of each ecosystem component in
terms of the current state of this and all other components.
The
importance of species individuality
in ecosystem functioning
indicates
that these individual
components will in general need to be populations
of a single species.
Investigations
on particular
functions
of particular
species can
generally
be performed in greatly simplified
systems, on the assumption
that many of the interactions
involved may be regarded as secondorder effects,
and thus may be neglected
in a first
approximation.
These investigations
of particular
processes within the ecosystem,
directed
towards their expression
in terms of mathematical
functions,
are collectively
described as process studies.

1.2.2.

Computer modeling

The breakdo~m of a complex system into components which, since
simpler, can be studied more easily and quickly and often on a
smaller scale, is simply an extension
into ecology of what has long
been established
as a classical
method of scientific
research.
In
ecology, however, the complexities
of the whole system are far
greater
than those with which most physical scientists
have had to
deal, and consequently
the methods of classical
mathematics which
the latter
could use to combine into a whole the separate
studies
into which the problem had been analyzed have not been applicable.
Only when electrdhic
computers became generally
available
did the
analytic
approach to the study of ecosystem functioning
become a
practical
possibility.
After a set of functional
expressions
have
been derived from the process studies,
the next stage is thus to
build them into a computer model, which will permit one to forecast
future states of the system when the initial
state and postulated
inputs are specified.
1.2.3.

Validation

studies

for checking

the computer model

The component parts of subsystems of most ecosystems are too
numerous for all of them, and all their possible
interrelations,
to
be included separately
in the process studies;
we have to simplify
further by elimination
or combining many of them. In so doing, we
run the risk of obscuring important relationships,
and of developing
a model which is insufficiently
detailed
to reproduce the behavior of
the whole e.cosystem satisfactorily.
It is this fact (that,
in the
present state of the art, the process studies must necessarily
be
incomplete) which, above all, makes essential
the repeated checking
of the performance of the computer model against real ecosystems in
the field.
The field studies
in which state variables
of the
ecosystems are monitored for the purpose of comparison with the
computer model are termed validation
studies.
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Temporal relations

Although a logical sequence of operations
might seem to require
process studies to precede computer modeling, which in turn would
precede the validations
studies in the field,
this would neither
permit the completion of the investigations
in a reasonable
space
of time, nor lead to the desirable
degree of interplay
between the
various aspects of the study.
Accordingly all three aspects will
be initiated
concurrently,
the modeling work relying on background
data until results
become available
from the process studies,
and
the validation
studies developing a sequence of results
ready for
checking the computer models as soon as they are sufficiently
advanced.
1.2.5.

Breadth

of generalization

The value of the simulation
model developed during this work will
depend on how widely it is applicable.
One hopes in fact that the
same m~ el, with different
sets of components and parameters,
will
apply to much of the arid or semi-arid areas of the western and
southwestern
United States.
The permissible
range of generalization
of the simulation
model will however be determined by the validation
studies against which it has been checked.
If they themselves
constitute
a representative
sample of all the deserts of the country,
and the simulation
model has been satisfactorily
validated
against
them, then the model's range of generalization
can also be regarded
as covering the desert areas as a whole.
This range can be conveniently
extended, without spreading the field work required
too widely, by
using artificial
manipulations
of the ecosystems.
By burning, shrubclearing,
re-seeding,
or varied grazing practices,
one can generate
different
types of ecosystem, and thus provide additional
and different
checks for the computer model.
1.3.

Research
1.3.1.

proposed
Validation

studies

Of the 24 sites originally
proposed at the Biome organizational
meeting in February,
1968, a list of nine (plus two for aquatic
studies only) were selected as sites for validation
studies.
These
are well distributed
through the desert areas and have sufficient
accessibility
and freedom from interference.
During 1970, the following
activated:

validation

studies

have been

1.3.1.1.
Tucson Basin, Arizona.
The Sonoran Desert is
represented
by six areas near Tucson.
Four of these lie in the
Santa Rita Experimental
Range, in vegetation
dominated by paloverde,
mesquite, cholla and prickly pear; one of these has been subjected
to shrub clearing
and another to burning, while the other two are
differentiated
by permitting
or preventing
cattle
grazing.
A fifth
and sixth area is located on the westward slopes of the Arva Valley
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bajada, below the Silverbell
mountains, where creosotebush
and
paloverde share dominance with various cacti.
One of these will
subject to manipulation;
the other will be left as it is.

be

In the sites on the Santa Rita Range, full meteorological
records
are already being taken.
A similar installation
for the Silverbell
sites is proposed for 1971. A full initial
inventory for the Santa
Rita sites and for the untreated
Silverbell
site has been included
in the 1970 operation.
The proposal for 1971, apart from the
meteorological
installation
at Silverbell,
covers the manipulation
of the second site there and an initial
inventory,
together with
continued monitoring of the untreated
Silverbell
site and those
on the Santa Rita Range. The Silverbell
area will also be the site of
studies under the Structure
of Ecosystems program with which close cooperation
is expected.
•
1.3.1. 2. Jornada del Muerte, New Mexico. The Chihuahuan
Desert is represented
by an area north-east
of Las Cruces, where a
well-defined
catchment drains into a seasonal playa.
In 1970, the
operation is being confined to the playa itself,
where full
•
inventories
of both terrestrial
and aquatic phases are being taken.
For 1971, it is proposed to extend this operation to cover the
whole catchment, and also to install
meteorological
instrumentation
similar to that at the Santa Rita sites at Tucson.
1.3.1.3.
Curlew Valley, Idaho and Utah. This site lies near
the center ·of the Great Basin.
Two areas have bean selected,
both
with sagebrush as the native dominant, near its upper and lower
rainfall
limits respectively.
Each·of these areas is matched with
a similar one subjected to re-seeding.
Three distinct
aquatic
studies are also included in the program---in
a small reservoir,
a
creek, and a saline spring respectively.
In 1970, two of the aquatic studies
(in Locomotive Springs and
Deep Creek) have been activated,
and monitoring of these areas will
continue in 1971. The present proposal also envisages activation
of the terrestrial
studies,
including a full meteorological
installation at the southern sites,
the necessary fencing etc., and complete
biological
inventories.
It is proposed
studies in 1971:

to activate

the following

additional

validation

1.3.1.4.
Death Valley Drainage, Nevada and California.
It is
proposed to initiate
a terrestrial
validation
study in Rock Valley,
Nevada and an aquatic one at Saratoga Springs, California.
1.3.1.4.1.
Rock Valley, which lies within the Nevada Test Site
of the Atomic Energy Commission, is a broad bajada with vegetation
dominated by creosotebush
and Franseria dumosa., and is an excellent
representative
of the Mohave Desert type.
Cost of establishing
the
study, and of biologk;il
monitoring will be shared with the Atomic
Energy Commission.

1.
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1.3.1.4.2.
Saratoga Springs, California.
This saline aquatic
at the south end of Death Valley represents
aquatic ecosystems of the
Mohave Desert, and will permit comparisons with the similar environm~nt
of Locomotive Springs (Curlew Valley) in the Great Basin.
,1.'.Ll.5.
Pine Valley; Htah. This site is near the sout'.1ern
edge of the Great Basin.
Here, four areas of shadscale vegetation
will
be subject to different
grazing management (including no grazing
pressure).

In all of these validation
studies,
a complete inventory of the
biota will be taken initially;
abiotic conditions will be monitored
continuously
throughout the program; and changes in the biota will be
recorded at regular intervals
to provide data for comparison with the
output of the computer model.
1.3.2.

Process

Studies

Although initially
the modeling activities
will make use mainly
of data already irt existence,
published or unpublished,
a small group
of process studies has been initiated
concurrently
with the validation
studies,
and these will be expanded in the year covered by this
proposal.
The importance ascribed to generalization
in the approach
adopted here implies that each of the process studies should be
relevant wherever the subsystem in question occurs in the Biome.
An investigation
of a particular
function of a particular
species
should accordingly
take account of possible geographic and ecotypic
variations.
It will often be convenient and desirable
for a process
study to be performed in or near one of the validation
study areas,
where good logistic
support will be available and other relevant data
will be collected,
but its relevance will not be restricted
to this
area.
Accordingly, some of the process studies relevant to ecosystem
components at Tucson will be performed mainly at Las Cruces.for
instance;
some of those relevant to Curlew Valley will be p~rformed at
Pine Valley -- though in each case with cross-observations
at the
site to which modeling is directed,
to assure the generalizability
of
the results.
The process studies proposed for 1971 include:

site

P-71
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(a) Studies of photosynthesis,
dry matter accumulation
and vegetative
growth, including roots, of the major species in the northern and southern
desert sites,
and including
all the major life forms:
annuals, perennial
grasses,
shrubs, and succulents.
(b) Studies of feeding habits,
bioenergetics
important small herbivorous
mammals and birds
deserts.

and demography in the more
of the southern and northern

(c) Studies of feeding habits and demograohy of termites,
ants, grasshoppers,
and sagebrush-feeding
insects.
(d) Studies
cycle.

of organisms

concerned

in different

phases

herbivorous
of the nitrogen

(e) Studies of selected
aspects of the abiotic
sub-systems,
radiation
micrometeorology,
and distribution
of temperature,
and solutes in the soil.
(f)
Studies of feeding and bioenergetics
in the aquatic ecosystems and of certain
productivity
of rooted aquatic vegetation.
1. 3. 3.

of two fish
invertebrate

including
moisture

species
groups,

important
and of the

Modeling

In the early stages,
modeling activities
have been devoted, on
the one hand, to developing a generalized
structure
for ecosystem models
and, on the other hand, to implementing specific
models for the energy
flow in simple systems.
In 1971 it is expected that increased attention
will be given to modeling the flow of materials
(c, N, P,and water)
through and between the various subsystems.
This will include linkage
of various independently
developed models, notably those for hydrological
and soil sub-systems.
l fuile temporal
changes have been the main subject of
attention
in early months, it is expected that spatial
differentiation
will
become increasingly
a subject of concern.
1

Close interaction
between.the
modeling and process studies
continued.
The increased volume of validation
data will allow
substantial
confirmation
of the models, and tests of the models
these data will therefore
become a larger part of the modeling

will be
more
against
activity.
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Collaboration

This proposal will involve 166 faculty associates
and consultants
located at twenty-nine institutions
in nine states,
as follows:
State

Ins ti tut ion

Inves ti.gators

Arizona

Arizona-Sonora Desert Museum
Arizona State University
Northern Arizona University
University of Arizona.

1
5
3
21

California

California
Institute
of Technology
Los Angeles State College
Long Beach State College
Pomona College
San Francisco State University
San Diego State College
University of California,
Irvine
University of California,
Los Angeles
University of California,
Riverside
University of Southern California

Idaho

Nevada

New Mexico
Texas
Utah

Wyoming

Idaho State University
Ricks College
University of Idaho
University
Institute
University
University

1

1
1
4
24

1
7
1

6

of Nevada Desert Research

3

of Nevada, Las Vegas
of Nevada, Reno

6

New Mexico State University
University of New Mexico
Texas Tech University
University of Texas, El Paso
Brigham Young University
University of Utah
Utah State University
University

1
1
3
1

of

Wyoming

2

16
3

5
1
11

3
30

1
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Officers of several Federal
in the program, as follows:

government departments

Department of Agriculture
Agricultural
Research Service
Forest Service
Department of Health, Education
Public Health Service

also be participating

3

4

and Welfare
1

Department of the Interior
Bureau of Land Management
Bureau of Sport Fisheries and Wildlife
National Parks Service
Federal agencies
to be used at several
are:

will

1
4

1

are also involved in another way, since the land
of the sites comes under their jurisdiction.
These

Atomic Energy Coonnission
Death Valley Drainage ---Rock Valley
Department of Agriculture
Forest Service
Tucson (Santa Rita Experimental
Pine Valley
Curlew Valley (northern area)
Agricultural
Research Service
Jornada Experimental Range
Department of the Interior
Bureau of Land Management
Curlew Valley (southern area)
Tucson (9ilverbell
site)
National Parks Service
Death Valley Drainage --Saratoga

Range)

Springs
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2.1.-1
2.

2.1.

Introduction

General

This Proposal covers the second year of a program initiated
as part
of the International
Biological Program, whlch is expected to continue
for a minimum of five years.
The Research Design for the Desert Biome
program as a whole, which was prepared in 1969, has been revised; a
separate volume containing this revised version is distributed
at the same
time, and to the same distribution
list,
as this Proposal.
It is asaumed
that the reader of this Proposal will also have ready access to the
Research Design~ and to avoid um1ecessary repetition
frequent reference will
be made to that document.
Following arguments developed in the Research Design, the three
main aspects of the work - studies of particular
processes of separate
ecosystem components; building a computer model of the ecosystem; and
the field studies of ecosystems as wholes to validate
the computer
model - will proceed concurrentiy.
In both field aspects of the program,
however, (process and validation.studies)
the initiation
of the work will
be phased.
Since the major goal of the Desert Biome is an understanding
and
simulation of the desert ecosystem sufficient
to permit a substantial
degree
of predictability,
one can project in a general way the research effort
needed to attain this goal.
That effort would include a quantity of process
studies sufficient
to provide adequate building blocks for construction
of
the model; modeling effort sufficient
to develop, test, and refine the model;
and validation
measurements sufficient
to test the model over a wide
variety of conditions,
and thus ensure its general applicability.
The period of time needed to accomplish this effort depen~s in part
on the availability
of funds.
The program would probably require sever.al
years to complete even with unlimited funding, because each of the three
lines of effort is sufficiently
complex to demand time, and the model needs
to be validated
under a variety of conditions which only the year-to-year
variations
in nature can supply.
A high level of funding would, however,
allow simultaneous prosecution
o.f a wide range of process studies,
earlier
completion of the model, and a very broad array of validation
sites
representing
the full generality
of the American deserts.
The goal would
thus be attained earlier
and more fully.
Limitation
in funding calls for decisions on phasing of the various
aspects of the work which may differ from those which would be dictated
by scientific
considerations.
At any time, limited resources must be
divided between process, modeling and validation
studies,
and their
demands comp:ete.
Early initiation
of a reasonably wide range of process
studies would imply severe restriction
in validation
studies," so that the
generality
of the results would be compromised. An alternative
is to
postpone the bulk of the process studies,
and phase the initiation
of
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validation
studies over several years, during which time the proportion
of effort devoted to process studies would gradually be building up.
This is the path chosen for the Desert Biome.
We have depicted this relationship
schematically
in Fig. 2.1, showing
the actual 1970 effort and the 1971 effort herewith proposed in
approximately proportional
scale.
This schema also permits one to
envisage the proposed weighting durinz 1971 of the three facets of
the program relative
to the long-ra·nge effo-rt needed to accomplish the
roal of
high predictability.

In 1971, we propose the highest expected outlay for validation
sites
because we intend to activate more in this year than in any other.
In all, nine areas have been designated for validaticn
studies - three
purely terrestrial,
one purely aquatic, and five containing both elements.
In the first year, terrestrial
operations were begun on two of the areas
and aquatic operations on two. In 1971 it is proposed to expand these
studies,
and initiate
several more as shown in Table 2.-1 below. These
sites have been selected partly as a set giving a good geographical
coverage of the desert areas of the United States (See Fig. 2.-2), partly
as giving promise of rapid and effective
development.
Details and
budgets for these validation
studies are given in Section 4. Certain
projects which will serve the validation
studies generally - either by
developing techniques or by performing operations on several of the
validation
studies - are also included in this Section.
The cost of validation
studies is highest in the year of activation
because of capital costs in the development of the sites,
and the high
manpower needs associated
with the initial
inventory.
Once the site is
operational,
we envisage a substantial
reduction in annual cost, possibly
of the order to 40 percent.
Accordingly, we project a reduction in
cost of validation
effort in the third year of the program, as shown in
Fig. 2.1, but a value still
above the steady-state
figure owing to
possible activation
of one or two more areas.
By the fourth year, steady
state is reached, and this level is continued until the latter years of
the program when the goal of high predictability
has been reached and
the validation
studies can be gradually Pha;ed out.
Since validation
studies will probably require a relatively
high lev~l
of funding in 1971 and 1972, the project outlay for process studies in
these years remains below the real need. Only a limited set of process
studies is included in the Proposal for 1971, though. it is expected that,
as the program advances, they will absorb the major share of the Biome
effort.
During the initial
stages, greater emphasis is being laid on
initiating
the modeling and validation
studies,
partly as a guide to
better selection
of subject-matter
for process studies in subsequent
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years.
However, the needs are clear in certain fields,
and a set of
52 process studies has been selected,
covering particular
aspects of each
type of subsystem, which collectively
will constitute
valuable,
though
incomplete,
input for the modeling of desert ecosystems in each of the
main desert types.
The selected process studies include plants of
different
life forms, herbivores
(both vertebrate
and invertebrate),
and
organisms involved in the nitrogen cycle, together with some studies of
abiotic subsystems.
A limited range of aquatic process studies is also
proposed.
These studies are described fully in Section 5.
As validation
costs decline to steady-state
levels by the fourth
year, commitment to process studies can rise to the high level needed
for this important phase of the program (Fig. 2.1).
This level is
projected as continuing until the functional
relationships
between the
processes and their relevant factors are sufficiently
elaborated and
built into the model. When this stage has been reached, these studies
can be phased out.
Although the outlay for modeling will never initially
reach the level of
the validation
and process studies,
resources available
are limited by •. •..
competition from validation
work in the same way as in the case of the
process studies (Fig. 2.1).
An increase in the modeling effort above
the 1970 level is proposed for 1971, but it will probably not reach the
full level needed until the third or fourth year of the program when the
cost of validation
work has declined.
A central organization
for research management and administration
has been set up as described in the Research oesign, for the purpose
of organizing and coordinating
the work of the numerous professional
scientists
and institutions
who will be involved in the program.
Dataprocessing facilities
as well as model-building
have very high priority.
Details of the proposals for the central office, modeling and other activities
under the immediate control of the Biome Director,
are described in the next
Section (3).
Tabular summaries of the budget for 1971, compared with that proposed
and that actually
funded for 1970, will be found in the following sub-sectfon.
The development of the program must, however, clearly depend on results
obtained up to the time when any new operation is scheduled, and it is
accordingly necessary to preserve maximum flexibility
in re-apportionment
of funds as the work progresses.
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Table 2.-1
Table 2.-1
Phasing of Validation

Studies
1970

Curlew Valley
terrestrial

*

aquatic
Deep Creek
Locomotive Springs

*

Death Valley Drainage
terrestrial
Rock Valley
aquatic
Saratoga Springs

*
*
*

Jornada
terrestrial
playa (terrestrial

and aquatic)

*

Pine Valley
terrestrial

*
*

*

Tucson Basin
terrestrial
-- ---------

*

*
*

Deep Canyon
terrestrial
aquatic

-------

1971

*
-- -

-

-----------------------------

* Study in progress

or proposed.
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Fig. 2. - 2
Locations

of proposed

validation

studies

I·) and participating

institutions

Ix)

Curlew
Valley
X

UW

?lr--_~su

~X

UUL----+-~-----------'-----~

x BYU

x UNA

• Pine Valley

Rock

•

Saratoga

Springs

Valley

•
x NAU

USC

x UCLA
X

X PC
UCR x
x UCI

TTC
ASU

x

•

~
'--\

Key to participating

ASU
BYU
ISU
LBSC
NAU
PC
RC
SFSC
TTC
UA

UA;

Jornada

NMSU

~;_T_u_c_,o_n....J~__,...---

.......

institutions

Arizona State University
Brigham Young University
Idaho State University
Long Beach State College
Northern
Arizona
Pomona College
Ricks College

University

San Francisco State College
Texas Technological
College
University
of Arizona

UCI
UCLA
UCR
UI
UNLV
UNM
UNA

use
usu
uu
UW

University
University
University
University

of
of
of
of

California,
California,
California,
Idaho

University
University
University
University

of
of
of
of

Nevada, Las Vegas
New Mexico
Nevada, Reno
Southern California

Utah State University
University of Utan
University

of Wyoming

Irvine
Los Angeles
Riverside
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2.2.-1
Budget Summaries

Detailed budgets are provided in a separate ·volume, with more
limited distribution
than this Proposal.
The present section
includes however:

2.2.1

A general budget summary, showing distribution
among the separate projects,
with proposed
and actual figures for 1970 for comparison.

2.2.2

Sunnnary budgets with division into subheads for
the main categories
of projects,
and for the
program as a whole.

2.2.3

A summary showing distribution
subcontracting
institutions.

of expenditure

among

2.2.

General

Iudget

Central

Cffice

Section

Summary

Nana gen en t and Administration
ProceEs Study Coordinators
Data Ccllection
Data Processing
Modelirg
Computer Equipment
TOTAL
vaiidation
Studies
Gener21
Methcdology
Hydrological
monitoring
Invertebrate
population
e~timates
Vertebrate
population
estimate
Nenatode methodology
SUB-TOTAL
Coordirated
monitoring
studies
Seed reserves
Ren,ote sensing
Otter
SUB-TOTAL
Specifk
Curlei,; Valley - terrestrial
Curlei,; Valley - aquatic
R6ck \ialley
Saratcga Springs
Deep Canyon
Jornada
Pine \alley
Sycaracre Creek
Tucsor
SUB-TOTAL
TO'JAL, Valid2.t::.on

Stuci:2s

3 .1.

3.2.
3.3.
3.4.

4.2.1.
4.2.2.
4.2.3.
4.2.4.

NSF Contribution
1970
i'.370
Pro.E_osed
Funded

1
l e,~
~ I -

Pr"OJ?OS~d

Gr2ni:ees

13,978
12 11431.

119,488
6,000
48,900
53,310
97,650

101,037
6,000
7,297
48,129
77,730

325,348

240,193

151,386
40,620
10,000
88,366
113,890
12,625
416,887

20,188

14,327
15,031

15,888
21,062

4,543
2,634

26,950

14,760
21,341
73 ,051

i ~66
4 ,015
13,858

9,975
64,388

3,891

74 ,363

3,891

_21,447
41,635

56,308

4.3.1.
4.3.2.

9,943
9,943
4.3.1.2.
4.3.1.3.
4.3.2.2.
4.3.2.3.
4.3.3.
4.3.4.
4.3.5.
4.3.6.
4.3.7.

1971

202,269
112,642

75,740

38,244
201,418
213,398
222, )}2
990,~63
1,041, 7l;l

51,245
15_4,328
281,313
337 721

205,259
86,925
104,647
59,074
208,356
199,803
180,927
29, 4/fl
_!_31-t~_54
1~20f ,L.EC

1,353,700

'1:i

I

-...J
I-'

7,356
33,765

20,196
3 ,874
24,513
10,979
18,957
65,154
9,943
.!_?,.538
172,155
189,904

.
.
N

N

.I
I-'

I-'

-·-•.L.•-L.

(continued)
General

1

Bud_g_et:8_t1_IT1ma!'y

Process Studies
Plnnts
Sonoran desert annuals
Sonoran desert cacti
Great Basin shrubs - gas exchange
Great Basin shrubs - growth
Sitanion
hvstrix
Sonoran desert shrubs
Haplopappus teniusectus
Oryzopsis hymenoide_s __
Southern desert grasses
Mohave shrubs - dry matter changes
Mohave shrubs - gas exchange
Grnyia spinosa
Mohave annuals
Roots of southern desert shrubs
Growth of Great Basin annuals
Others
SUB-TOTAL
Vertebrates
Demography of Dipodomys and
Peromyscus
Sonoran rodents - food habits
Rodent bioenergetics
Jackrabbit
demography and food
habits
Demography of Perognathus
§onoran birds
Northern rodents food habits
Ground squirrel
demography and
food habits
Sonoran rabbit demography
Microhabitat
insulation
of rodents
Others
SUB-TOTAL

Section

1970
Proposed

1970
Funded

1971
Proposed

1971
Grn;:itees

.

',:l

-.i

5.2.2.
5.2-.3.
5. 2~4. l
5.2.5. 1
5.2.6.
5.2.7.
5.2.8.
5.2.9.
5.2.10.
5.2.11.
5.2.12.
5.2.13.
5.2.14.
5.2.15.
5.2.16.

11,445
10,945
39 ,2·45
21,200
19,688
12,470
10,955

42:998
168,946

5.3.2.
5.3.J°.
5.3.4.
5.3.5.

23,557
26,541
U,823
8,846

7,954
..20 ,012
14,986

11;~80
10

tao

11: 00
13,938
. 14,636
14,141
3,421
10,955
I7, 294
2,770
4,956
10,136
11,376
9,329
11,015
.

2,262
2,262
4,851
8,222
9,040
2,309
530

1,771
2,014
183
.1,069
2,960

42,956

168,42-J·

37,475

18,658
10,072

23,749
26,226
13,987
13,907

1,971
14,203
1,739
1,398

15,003
24,719
10,852

5.241
1,001
3,938

10,473
14,551
8,903

5,170
1,200
9,613

162,370

41,323

~

I-'

.
.
N

5.3.6.
5.3.7.
5.3.8.

20,642

5.3.9.
5.3.10.
5.3.11.
44.122
137,531,

28;730

N

.

I-'

I

w

2.2ol.-3

(continued)
General

J:ection

Budget Summary

1970
Pro12osed

1970
Funded

1971
P:t:Ql)OS~d

1971
Grs.r..teF'o

.

'"Ci
-...J

Invertebrates
arvester
ants in southern
~ eserts
Termites
Leaf-cutting
ants
Sagebrush insects
Grasshopper food habits
Grasshopper assimilation
Grasshopper respiration
Pogonomyrmex in Great Basin
SUBTOTAL
Microorganisms
Nitrification
Dentrification
Nitrogen fixation
bacteria
Proteolysis
Algae in nitrogen
soil crusting
Nitrogen fixation

by free-living
fixation

and

by symbionts
SUBTOTAL

Abiotic Systems
Radiative environment
Soil anions
Soil nitrogen
Water pctential
Heat balance
Others

f--'

5.4.2.

11,550

19,749

4,952

5.4.3.
5.4.4.
5.4.5.
5.4.6.
5.4.7.
5.4.8
5.4.9.

17,625

18,839
7,"789
10,134
10,471
7,953
6,919

1,617
670

9,893

10,888
13,196

3,624

14·, 956

39,068

5.5.2.
-5.5.3.
5.5.4.

i-i;i7'i

5~5. 5.
5.5.6.

6,085
12,122

4,800

5.5.7.

6,000
24,207

-·4 ,800')

5.6.2.

9,560

5.6.3.

5.6.4.
5.6.5.
5.6.6.
SUBTOTAL

96;8!0

2,040
2,11-7
3,157
1,151
15,704

30,994
40,554

10,724

20,074

4,415
1,809

11,806
84,066

1,812
11,660

9,303
14,827
13,859
10,737
i4 .•283

2,631

63,009

.
.
.
N
N

f--'

1,539
4,170

I

w

(continued)

General

Budget Summary

Sections

Aquatic Studies
Aquatic angiosperms
Aquatic invertebrates
Growth of chub
Respiration
of chub
Cyprinodont:
respiration
Cyprinodont
food utilization
Energetics
of Gammarus
Assi~il~tion
of Gammarus
SUBTOTAL
TOTAL, all

1970
Proeosed

1970
Funded

GRANDTOTAL

studies

1971
Grantee

.

'"'d

-...J
~

5.7.2.
5.7.3.
5.7.4.
5.7.5.
5.7.6.
5.7.7.
5.7.8.
5.7.9.

process

1971
Proeosed
13,122
15,080
9,229
17,889
7,717
8,881
13,085
9,799
94,802

410,306

76,486

1,777,395

654,300

66::,484
2,44'),071

2,334
816
1,530
2,334
795
7,809
liS,141
341,81'-J

Iv
N
~

I

.i:--

t;:l

Administration

A.

Salaries

1.
t'

2.

I

and Computer Work

-.J

I-'

1/10 - Man Honths
Crantee
N.S.F.
Acad Su Cal Acad
cal

and Wages

Senior

Personnel
1 Principal
Investigator
10 Faculty Associates
Other Personnel
1 Non-faculty
Professional
, Doctoral
2 Non-faculty
Professionals,
Other
10 Graduate students
Pre-baccalaureate
Students
11 Secretarial
- Clerical
..
Subtotal
142,359.00

B.

Fringe

C.

Equipment and Permanent

D.

Expendable

E.

Travel

G.

Other

Grantee

9000.00
38604.00

4500. 00
16 753 .oo

0
35

0
25

20
76

0
35

0

60
210
120
200
450

0
0
270
0
0

0

0
0
0
0
0

0
0
0
0
0

0

0
180
0
0

0

0
0
0
0

600'.). t"\Q
27500.00
32000.00
6000. 00
23255.00

13,212.38

Supplies

Costs
Computer Costs
Communications Costs
Consultants,
;Etc.
Contracts
Subtotal

0.0

o.o
o.o
0.0
0.0

1\929.61

14425 .00

o.o
o.o

60000.00
800'.).00

0.0

1200'.).00

Facilities

Domestic Travel
International
Travel
Subtotal
Publications

N.S.F.

40
207

Benefits

F.

Su

o.o

68000. 00

.
N

2000.00

o.o

.
.
N
N

I

60000.00
5000.00
10000.00
15000.00
90000.00

,,

o.o
o.o
o.o
o.o

I-'

Cal

H.

Total

I,

Indirect

J.

Total

Direct

Acad

Su

Cal

Costs

Costs

Adad

Su

N.S.F.

;341,996.38

.''23,182.62

74889. 72

10582.90

416,886.10

Costs

Grantee

Cd
I

"I-'

32.765.52

l'

.
.
N

N

N

I

I-'

8
:::i
~

rt

.,

Validation

Hethodological

Studies

0:,

I

~

A.

Salaries

1.
2,

and Wages

1/10 - Man Months
N.S.F.
Grantee
Cal Acad Su Cal Acad

Personnel
8 Faculty Associates
Other Personnel
1 Research Associate
7 Graduate Students
Pre-baccalaureate
1 Technical
Subtotal

r-'

Su

N.S.F.

Grantee
9154. 00

Senior

B.

Fringe

c.

Equipment

D.

Expendable

E.

Travel

, Postdo.ctoral
stunento

Benefits

Total

and Permanent
Supplies

I.

Indirect

J.

Total

Direct

travel
Costs

Costs
Costs

6

30
60
50
60

0
180
0
0

30
0
110

0
0

56

29

0

4749,00
3500.00
27426.00
1500.00
2100.00

0

0

0

0

0

0

0
0

0
0

0
0

Facilities

0.0

o.o
o.o
o.o

39275.00
1,576.00

Domestic
H.

0

623.80

1500.00

o.o

3900.00

0.0

8290.00

0.0

54,541.00
18510. 91
73,051.91

9.}77 .80
4079.77
13,857.57

.
N

.
.
N

N

I

N

Validation

- Coordinated

~tonitoring_

Studies

t,;:l

I

--.J

A.

Salaries

and'Wages

;

~

1.

2.

Personnel
1 Principal
Investigator
1 Faculty Associate
Other Personnel
1 Non-faculty
Professional,
Other
1 Graduate Students
Pre-baccalaureate
Students
24960. 00
Subtotal

1/10 ~ Man Months
N,S.F.
. . ·.•.Grantee
Cal Acad Su Cal Acad

t-'

Su

N.S.F.

Grantee

0
0
0

8460,00
4')00 .00
125')0 .00

26 75. 00
0.0
0.0

Senior

B.

Fringe

Benefits

c.

Equipment

D.

Supplies

E.
F.

90
60
415

0
0
0

0
0
0

30
0
0

0
0
0

1065.00

0.0

1100.00

o.o

27300.00

o.o

Travel

5300.00

0.0

Other Costs
Computer Costs

2600. 00

0.0

H,

Total

Direct

I,

Inrlirect

J.

Total

Costs

62325.00

2675.00

12038. 07

1215 .51

74363.07

3890 .51

.
N

Costs

.
.
N
N

Costs

I

w

t,:j

specific

A.

't

Salaries

1.

t

Validation

2.

I

Studies

--.J

I-'

1/10 - Man Months
Grantee
N.S.F.
Cal Acad Su Cal Acad

and Wages

Personnel
85 Faculty Associates
Other Personnel
4 Research Associates,
postdoctoral
11 Non-Faculty
Professionals,
Other
41 Graduate Students
Pre-baccalaureate
Students
5 Secretarial-Clerical
10 Technical
Hourly Labour
Subtotal
432,422.00

Su

Senior

B.

Fringe

c.

Equipment

D,

Expendable

439

85

495

283

399

15

210
190
180
574
150
695
150

0
0

0
0

590

390

0
0
0
0
0
25
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0

0
0
0
0

N.S.F.
133'.)55

.oo

20450.00
19 93'). 00
181667 ,00
15355.00
8380.00
49650 .00
6100 .JO

19,883.75

Benefits
and Permanent

383550.00

Facilities

Travel
Domestic

G.

Other

10972 7. 00
750.00

o.o
o.o
0.0
o.o
1750.00
o.o
10,038.67
1200.00

Supplies
93373.00

E.

Grantee

64Hl.OO

Travel

Costs
Communications Costs
Consultants,
Etc.
Miscellaneous
Subtotal

1600, 00

o.o

.
.
N

2 JOO.00
8300.00
13400.00
23900.00

.'

o.o
1000 ,00

o.o

N
N

I

.i::--

t,j

cal
H.

Total

I.

Indirect

J.

Total

Direct

Costs

Costs
Costs

Acad

Su

Cal

Acad

Su

N.S.F.
1,018,039.75
'188,276.12
1,206,315.87

Grantee

I

--.I

.....

126,073.17
46080.90
.. 172,154.07

.
.
.

N

N

N

I
..,.

n
0

~

rt

.,,
·l•
-...J

Plant

A.

•.

Process

4

Studies

Salaries

1.

2.

and Wages

Personnel
11 Faculty Associates
Other Personnel
1 Research Associat€
, Postdoctoral
1 Non-Faculty Professional
, Other
13 Graduate Students
Pre-baccalaureate
students
1 Secretarial-Clerical
4 Technical
Hourly Labour
Subtotal
83127.00

Fringe

c.

Equipment

D,

Expendable

E.

Travel

H,

Su

29

29

55

74

53

10

0
10
300
300
0
190
270

0
0
225
0

0
0
170
0

0

0

0
0

0
0

0
0
0
0
10
0
0

30
0
0
0
0
0
0

0
0
0
0
0
0
0

Benefits
Facilities

Supplies

I.

Indirect

J.

Total

Direct

13882 .oo

o.o
825.00
39850 .oo
9420.00

o.o

10900. 00
8250,00

14730.00
16465.00

Travel

13970.00

Costs
Miscellaneous

Total

N.S.F.

Grantee
2 0543 .00
3000. 00

o.o
o.o
o.o
375. 00
o.o
o.o

. .-..,:..
4,14~-a~."24; 2,431:00

and Permanent

Domestic
Other

1/10 - Man Months
N.S.F.
Grantee
Cal Acad Su Cal Acad

Senior

B.

G.

.....

300.00

o.o
o.o
400. 00

o.o

.
N

.
.
N

N

Costs

133,-048.ii+

Costs

35379.02

Costs

168,427.26

,.

2€749.

ll

on·

10726. 02
37,475.02

I

Vt

Vertebrate

Process

Studies
to

A.

Salaries

and Wages

1/10

N.S.F.
Cal Acad
1.

Senior

•

Associates
Other Personnel
2 Research Associates,
Postdoctoral
12 Graduate Students
Pre-baccalaureate
Students
3 Technical
Hourly Labour
Subtotal
76946.00

B.

Fringe

C.

Equipment

D.

Expendable

E.

Travel

Benefits

Total

I.

Indirect

J.

Total

Supplies

Direct

Travel
Costs

Costs
Costs

Grantee
Cal Acad

Su

:.-l.S.F.

Grantee
23981.00

0

0

151

11

196

0

19243.00

100
150
90
93
40

0
180
0
0
0

0
100
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

8500.00
417',8.00
3500 .oo
2735.')0
1200. 10

.

and Permanent

Domestic

H.

Su

Personnel

14 Faculty

2.

I

- Nan Months

--...i
I-'

Facilities

0.0
0.0

o.o
0.0
o.o

5929.00

958.50

15740.50

6544.00

11218.35

o.o

22190.75

800. 00

132024 .60

32283 .50

3~344. 09

9039 .56

162368 ,69

41323. 06

.

N

N

N

I

0'

Invertebrate
A,

Salaries

1.

•

Process

2.

Studies

Personnel
8 Faculty Associates
Other Personnel
1 Research Associate
, Postdoctoral
11 Graduate Students
Pre-baccalaureate
students
2 Secretarial-Clerical
2 Technical
Hourly Labour
Subtotal
50634.00

C.

Equipment and Permanent

D.

Expendable

E.

Travel

J.

Benefits

Supplies

Domestic Travel
Di·rect ··cost~':~·.,.,

Indirect
Total

1/10 - Man Months
Grantee
N,S.F.
Cal Acad Su Cal Acad

I-'

Su

N.S.F.

Grantee
934 7 .oo

Senior

Fringe

r.

'

......,

and Wages

B.

H, T~tal

to

Costs
Costs

Facilities

35

0

0

68

0

0

4000.00

30
180
32
10
28
50

0
225
0
0
0
0

0
160
0
0
0
0

0
0
0
10
0
0

0
0
0
0
0
0

0
0
0
0
0
0

1900 .oo
3776Q,00
119'.) !00
400.00
1675.00
170'). 00

o.o
o.o
o.o
400. 00
0.0
0.0

3, i.32 .. 00

1124 .90

4 795 .00

o.o

5540.00

10761.00
74 ,86·2 .oo
21948.09
96,810.09

1000. 00

o.o
11871.90
3831.49
15703. 39

.

N

.
.

N

N

'

......,

Micro-organism
A.

Process

Salaries

1.
2.

Studies

1/10 - Man Months
N.S.F.
Grantee
Cal Acad Su Cal Acad

and i ages

Personnel
7 Faculty Associates
Other Personnel
7 Graduate Students
3 Technical
Hourly 'i.abor
Subtotal

Fringe

C.

Equipment

D.

Expendable

E.

Travel

12

.....
Su

N.S.F.

Grantee

7723. 00

Benefits
Facilities

Direct

Costs

30

18

0

7,564.00

2:50 135
0
16'040
0

90
0
0

0
0
0

0
0
0

0

25844.00
5650.00
. 1000.00

0
0

Etc.

3800.00

o.o
o.o
o.o
524. 00

8400.00

o.o
o.o

3450. 00

o.o

1400.00
2400 .oo

0.0

6520,00

Supplies

Subtotal
Total

40

2,397.00

and Permanent

Other Costs
Consultants,
Miscellaneous

0

40,058.00

Domestic Travel

H.

I
..._,

Senior

B.

G.

b:f

64,625; 00,

o.o
8247.00

19,441.13

I.

Indirect

Costs
19,441.13.

J.

Total

Costs

84~066.13

3413.09

.
."'
.
N

N

I

11660.09

00

Abiotic
A.

Process

Salaries

1.

2.

Studies

Personnel
10 Faculty Associates
Ot;her Personnel
1 Research Associate,
Postdoctoral
2 Graduate Students
Pre-baccalaureate
students
2 Technical
Subtotal
27300.00

Fringe

c.

Equipment

D.

Expendable

E.

Travel

-Benefits

Supplies
Travel

Other Costs
Computer Costs

H.

Total

I,

Indirect
Total

Su

Direct

Costs

Costs
Costs

N.S.F.

0

0

0

17

0

0

o.oo

0
0
135
150

45
90
0
0

30
60
0
0

0
0
0
0

0
0
0
0

0
0
0
0

6000.00
7000. 00
3500 .oo
10800. 00
2258.00

and Permanent

Domestic

J.

t,:j

I
......

Senior

B.

G,

1/10 - Man Months
Grantee
N.S.F,
Cal Acad Su Cal Acad

and Wages

Facilities

2600.00

o.oo
0. 00
0 .00
o. 00
250.00

8200. 00

0 .oo

5470.00

0,00

3700 .00

0 .oo

2500.00

o.oo

49428.00

2850 .oo

13582.30

1320,68

63010.30

I-'

Grantee

4170.68

.NN

.

N

I

'°

Aquatic

A.

Process

Salaries

1.

Studies
1/10 - Man Months
N.S.F.
Grantee
Cal Acad Su Cal Acad

~nd Wages

Senior

Associates
Other Personnel
1 Research Associate
8 Graduate Students
Pre-baccalaureate
Students
1 Secretarial-Clerical
1 Technical
Hourly Labor
Subtotal
47382.50

B.

Fringe

c.

Equipment

D.

Exper.dable

E.

Travel

Benefits

Total

r.

Indirect

J.

Total

N.S.F.

Grantee
5130. 00

Direct

12

30

10

20

23

0

73:32.50

30
180
0

0
202
47
0
0
0

0
150
30
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

22)0.00
26 900.00
3400. Qt)
200 .00
6500 .oo
800.00

6

120
20

27~9.50

and Permanent
Supplies

Domestic

H.

Su

I

f-'

Personnel

5 Faculty

2.

b;:j

--.J

Travel
Costs

Facilities

o.oo
0 .00
0 .00
0 .C'.)
0.00

o.oo
493. 00

12 700 .oo

o.oo

5550.00

0 .00

2930 .00

o.oo

71352

.oo

5623.00

.
N

Costs

23450.79

2186.78

94802.79

7809. 78

.
.I

N

N

Costs

f-'
0

Summary Budget,

A.

Salaries

1.

2.

and Wages

Personnel
1 Principal
Investigator
142 Faculty Associates
Other Personnel
11 Research Associates,
Postdoctoral
1 Non-faculty
Professional
,
Doctoral
13 Non-faculty
Professionals,
Other
110 Graduate Students
Pre-baccalaureate
Students
20 Secretarial-Clerical
26 Technical
• Hourly Labour
Subtotal
964, Li6'3,·s'O

Fringe

Benefits

C,

Equipment

D. Expendable

and Permanent

Facilities

Supplies

Su

--.J

I-'

N.S.F,

Grantee

40
734

0
176

0
786

20
635

0
757

0
25

9000,00
226,314.50

400
• 60

45
0

30
0

0
0

30
0

0
0

44550.00
6000.00

3750,00

500
0
0
1420 1710 1140
1600
47
50
616
0
0
1436
0
0
570
0
0

30
0
0
20
25
0

0
0
0
0
0
0

0
0

56715. 00
424224 .oo
56365.00
32235.00
90010, 00
19050.00

2675,00
0.00

56, 6'98. ·87.

18,380. 91·

0

0
0
0

4500. 00
204958 .oo

o.oo
o.oo

77'5.00
1750,00

o.oo

460-;835.50'

7744. 00

192,1'41.35

2600.00

.
.
.
N

Travel
Domestic Travel
International
Travel
Subtotal

F.

t:c
I

1/10 - Man Months
Grantee
N.S.F.
Cal Acad Su Cal Acad

Senior

B.

E.

Whole Program

Pili lications

195002.75
8000,00

1200.00

o.oo

2p3, 002_.:-15

N
N

I

I-'
I-'

2000.00

0.00

Cal
G.

Other

Costs
Computer Costs
Communications Costs •
Consultants,
Etc.
Contracts
Miscellaneous
Subtotal

H.

Total

I.

Indirect

J.

Total

Direct

Costs

Costs
Costs

Acad

Su ·cal

Acad. ··su

N.S.F.

Grantee

0::,

I
........
t-'

65100. 00
7000 .oo
19900.00
15000.00
16100.00

o.oo
0.00
1000 .00

o.oo
0.00

123100.00
2,002,241.97
437,850.24
2;440,092.21.

249,332.S'9
92,476.69
340·~809. 69

.
N
N

N

t

t-'
t-'
()

0
~

rt
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2.2.j.

Budgets hr Institutions
I

1970
Proposed•
NSF
53384
34838
238000

Arizona

Arizona State University
Northern Arizona University
University of Arizona

California

California
Institute
of Technology 5542
Long Beach State College
Pomona College
San Francisco State College
University of California
Irvine
University of California
Los Angeles
University of Californi~
Riverside
21447
University of Southern Calif.

---

---------

---

Idaho State University
Ricks College
University of Idaho

Idaho

University

Nevada

University
University
New Mesico

of Nevada Desert
Research Institute
of Neavad~ Las Vegas
of Nevada, Reno

Eastern New Mt~ico University
New Mexico State University
University of New Mexico

Texas

Texas Tech University

Utah

Brigham Young University
University of Utah
Utah State University

Wyoming
Federal

University
Agencies

o; Wyoming

U.S. Public aealth

Services-

1970
Funded
.•• NSF

24989
19000
168655

---------------

93751
10955
49924

35571

---

---

38244

---

9943
144911

---

--

25467

----31259

---

1971 Proposal
NSF
88~41
26226
278711

No.
_Grantee Proje.cts
5
7159
14203
1
12
37231

29887
10473
3655
1420

7160
5170
200
2716

1
1

63031

13244

3

229697

.12972

2

---

---

109275
10955
68292

17128

19227
88794
85661

457
15648
6264

.-

1
l

j

5
1

2Jl71

I

..,,
'I
~

22562,,l.08 71266
9329
1069

0
1

20642

19871

38595

7934

1

191110
14075
829689

17000

213753
15080
784401

14580
816

-'

---

312488

59914

20940

---

10471

2040

---

---

875

300

.

20

l
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3.-1

3.
This section describes,
involve field or laboratory
of the Biorne Director.

Central

Activities

.

those program activities
which d0 not
work, and are under the direct control

Management and Administ-ra.tion

3. 1.

3.1. 1.

Director

and. Depu.ty: Director

The Biome Director,
appointed _in Hay 1968 by the Executive
Committee of the U,S,/I.B.P.,
is Dr. David W. Goodall.
His
curriculum vitae will be ,found ..in Section 6.2. below. He , ··,
is assisted
by a Deputy, Dr, Frederic H. Wagner, whose curriculum
vitae is also given in Section 6.. 2.
3.1.2.

· Executive-Co.mmi-ttee

As described in the Research Design (Section 5) the Director
and Deputy Director will be suppor-ted by an Executive Committee.
This will consist of coordinators
for the ·various field activities
·of' the program,, together wi•th the chief modeler.
The current

membership.is

consequently

as follows:

.David W. Goodall

Biome Director

H. Wagner

Deputy Director

F~~deric

Chief Modeler·

Kent W. Bridges

Process

Study Coordinators:

Abiotic

Systems

R,. J. Hanks

Plants··

Samuel A. Bamberg

Vertebrates

Robert Chew

Invertebrates

Floyd Werner

Soil Organisms-

Eugene E. Staffeldt

,,

Aquat:ic

Studies

G~ tvayneMinshall

P-71

3.-2

Validation

Study Coordinators:

Curlew Valley

David Balph

Rock Valley

Frederick

Saratoga

James Deacon

Springs

Turner

Deep Canyon

Irwin Ting

Jornada

Walter Whitford

Pine Valley

Clive Jorgensen

Tucson

John Thames

As the program progresses,
and work on the other proposed validation
studies is scheduled, coordinators
for them will be added to the Executive
Committee.
For the Validation Study Coordinators,
salary payments are included
in the budgets for the validation
studies in question.
The central budget
includes sections covering salary contributions
and expenses for the six
Process Study Coordinators.
Broader questions concerning the structure
and organization
of the
Biome are handled by the Policy and Management Committee which includes,
in addition to the Executive Committee members listed above, the following
representatives
of Federal agencies:'
Dr. W. S. Osburn, AEC
Dr. James P. Blaisdell
Service)
Dr. Wesley Keller
~esearch Service)

(USDAForest

(USDAAgricultural

Dr. David Wilson (USDI Bureau of Land
Management)

':t

Dr. Robert Linn (USDI National
Service)
Representing
Program

Cnordjn:if"or,

the Analysis
Dr. John

Park

of Ecosystems program as a whole is the
of the University of Michigan.

KadJec,

P=71
3.1.3.

3.-3
Requirements

for Central

Administration

The volume of purely.financial
administration
in a proposal of this
magnitude, involving diffet.ent •inst;itutions,
is very: considerable.
Recognizing this, Utah·. State· University is establishing
a net1 .position
in the Controll'er's
Office· to handle the whole of the financial
arrangements for the program, including sub-contracts•with
cooperating
institutions.
Even with this assistance
from the University Administration,
a
substantial
part of the financial management of the program necessarily
involves the Biome office, and there-is
a considerable volume of other
non-scientific
administrative
work to be performed.
To handle these
aspects of the program, ~nd to organize the office generally,
an
administrative
assistant
has been appointed with a 25% salary contribution from the University administration.
Regular eirc,hation·
of 'nel~sletters
is proving a valuable means
of contact between the central office and groups at·•other centers.
Full reports of·all specialist
meetings arranged by tne Biome are also
being prepared· for circulation·
(see· the accompanying Report volume).
Preparation of- reports and proposals to official
bodies requires a
considerable
effort,
and as the work develops material for publication
will.be coming forward, the final preparation
of which will be.undertaken by the central office.
For these tasks, a part-time Biome Editor
(Dr. Joann Bo~ms) has been appointed to relieve the Director and his Deputy
of those tasks and set them free to·exercise
scientific
leadership.
Frequent use of long-distance
telephone communication is at least
as important as the circulation
of newsletters
in maintaining contacts
over the thousand miles and more through which the Biome activities
are spread.
The opportunity for free exchange of ideas which it
provides is invaluable,
and consequently a substantial
figure for
communications costs has been included in the budget.
Much of the item for travel will serve the same purpose.
As
indicated above, Biome affairs
will be managed by a· committee drawn
from all parts of the Biome.. Meetings of this committee three or
four times a year will absorb ~ome $5000,- and visits by the Direct:or
and his Deputy to other 'institutions
part;icipating
in the program will
require about the same amount. Each of ·the Process Study Coordinators
will need to visit the various'centers'where
work under his aegis is
proceeding at least twice a year.
This will require about $15,000.
The major, and most important, part of the expenditure will however be
incurred in meetings of specialists
from different
parts of the Biome.
Extensive contact among investigators
working at different
sites is
of great importance in order to insure comparability
of results
and the
maximum interchange of information,
which can result in considerable
savings of time and resources.
Experience during the early months of
1970 has shown that a meeting of specialists
is unlikely to cost less
than $4000, so that an allocation
of $25,000 is included to cover six
such meetings.
In addition,
it is intended that funds for participants
to attend relevant national meetings should be available from central

3.-4
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funds, and $10,000 has been included for this purpose, combining ite~s
which otherwise would have been included in the separate budgets.
For the International
Biological.Program
to live up to its title
implies some measqre of international
contact.
It is more than likely
that some of the other countries with long traditions
of arid-lands
research
would be able to pass on the.benefits
of their experience to our own scientists,
and collaborative
work with the IBP groups in other countries would be
very desirable;
these, possibilities
are being explored.
The IBP is scheduling
meetings of.several
international
working groups during 1971, and it will
be appropriate
for the Desert Biome to be represented
at some of these.
For all these reasons, an item of $8,000 (to cover, say, five overseas
visits)
has been included in the budget.
Use of these funds would of
course be subject to the usual conditions
and approvals.
3.2.

Data Collection

In the early stages, the modeling activity
will be heavily dependent
on data already on record, either in the literature
or elsewhere (se·e
Re·search Design, Section 7).
As indicated,
it will., in general, be regarded
as a responsibility
of those undertaking analytic studies to survey existing
records before embarking on their work, and to pass on to the modeling
... team any results
they are able to discover..
In some cases., however, the
bulk of published work to be digested is so large that a special effort
will be required.
Some of these review tasks are being completed during
1970, and are being performed by faculty members at diffe~~nt institutions,
r.ecompensed in the form of an honorarium.
Further needs of this sort
are however becoming apparent, and an additional
$10,000 is provided for
honoraria for this purpose.
3.3.

Data Storage

and Processing

The central data-processing
group.forms the core of the Biome's information-transfer
operation.
This group is responsible
for the establishment
of procedures and programs required for receipt,
storage and output of
data (see Research Design, Section 8). Data from existing records l~ill
.. supplement the new data generated by the program.
Programming support in the form of part~time graduate assistants
is provided for this aspect of the work, and the considerable
volume of
data to be handled calls for one full-time
and one half-time
key-punch
ooerator.
the latter
be:ine shared with modeli:ng·work below.

3.-5
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3.4.

Modelins
3.4.1.

General

The main modeling activity
for the Biome (Research Design, Section
10) is directed to developing a computer-simulation
model covering the
dynamics of the ecosJstem as a whole; aquatic artd terrestrial
systems
will initially
be treated separately,
though lal ~r their i:iteractions
will als~ be studied and a ~ombined model developed.
The general modeling activity
is under the direction of Dr. K. w.
Bridges.
Exper,tise in numerical analysis is contributed _by Dr. James
Watson, of the Mathematics Department, Utah State University,
and experience
with analog and hybrid computers, particularly
for abiotic systems, is
provided by Dr. Leon Huber of the Utah Water Research Laboratory.
StJt~_,r.l
part-time programmers support these programming actavities.These modeling
groups will share the time of a key-punch operator with the data storage
afl'lli·r.educt-ion group.
Possible modeling approaches have been discussed in the Research
~esign.
Two submode-ls, the soil processes and stream flow, are distinct
e~~4gh, at this stage, to justify
their independent development from the
remainder of the ecosystem submodels.
All the submodels, however, will
have provisions for their later incorporation
into larger model units.
As the.data reduction and modeling advance, the need for effective
and efficient
means of accessing the data and manipulating the submodels .
will become. increasingly
important.
Both the digital
computers mentioned
provide software support for remote teletype terminals.
Such a terminal
with a graphic plotting facility
will substantially
assist the efforts
of the data reduction and modeling groups.
For one thing 7 this will allow
computer-oriented
personnel to meet with biologi:sts for-intensive-sessions
in which data and models may be displayed in the form of tables and graphs
according to the immediate needs of these discussion groups.
The teletype
facility,
with paper-tape punch and reader, will also facilitate
communication
with the hybrid.computer.

3.4.2.

Soil Process

1 r

Knowledge of·abiotic
processes in-the soil is advanced enough for·
a provisional
model of energy and material transfer to be constructed
from existing principles.
"This· is a sufficiently
important an:L.compnct
problem within the general modeling activities
to justify
separate treatocn.t.
The most important function of the soil mass is to serve as a reservoir
for moisture and plant nutrients.
Of prime importance·is
the movement
of moisture and the associated
salt movement within the soil profile.
The use of water by the plant (transpiration),
in conjunction with the
soil temperature gradients,
plays a dominant role in moisture and salt
movement. This, in turn, may be modified by the effective
depth of the
soil at any given site.
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The variations
of soil texture and structure
with depth not only
affect infiltration
and moisture movement but also determine plant rooting
volume, which js reflected
in the ability
to draw moisture from the soil .
. Excessive accumulation of certain naturally
occurring compounds,
particularly
calcium carbonates and sodium salts,
influence plant growth
by dominating the exchange complex of the soil a·rid producing nutrient
ratio unbalance which excludes certain speci~s from ·being.c mpetitive.
Modeling the soil fa~tor in the desert biome thus revolves around
programming a model for salt and water movement in soil.
This will be
based on e.stimating the moisture release and moisture conductivity
properties
of the soil.
Salt will be. ·considered either to. move with the moisture
or to becoine involved in exchange reactions
with the 'clay complex·. In
the later case, an exchange equation will.be superimposed on the c, ~servation
of mass model used to predict moisture f _ow.
remperature fluctuations,
both diurnal and seasonal,,
incorporated
into the water movement program.

will

also be

Estimates of plant density and rooting volume allow predictions
as to the sink for water.
Texture, structure,
and depth o.f the soil give
an estimate of the capacity of the soil to store water and its availability
in terms of the percentage of total water stored.
Models for the soil subsystem are under the supervision
of Dr. R.
J. Hanks of the Soils and Meteorology Department of Utah State University,
collaborating,
in the program as a consultant.
The models are being developed
by two graduate students,
working respectively
on solute movement, and
on temperature and moisture changes.
3.4.3.

Stream-flat/

Stream-flow has been the subject of muc~ modeling work.already,
and
the underlying physical basis for it is reasonably well understood.
To
apply this background knowledge and experience to the special problems
of desert creeks, and in particular
to developing a.model of.Deep Creek
which can incorporate
data collected
in the analytic study (see Section
4.3.1.3.)
will constitute
a special sub-problem within the modeling prcgram.
Expert advice on this will be available
from the Water Research Laborator.y
of Utah State University,
and particularly
from Dr. Paul Riley, who has
undertaken t'ftis aspect of the work as a contract operation.
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Facilities

The University has developed 1,400 square feet of space to form
a Central Biome Office whi.ch includes space for data processing,
modeling laboratories,
and offices 'for personnel involved in the
administration
of the Biome. The 1,400 square feet are contiguous with
the University Computer Center and within easy reach of the Biome
Director's
office.
For computer work, Utah State University has an IBM 360/44 computer,
together with a very efficient
tie-line
to the UNIVAC1108 computer at
the University
of Utah, Salt Lake City.
Expansion of computer
facilities
is currently
under consideration.
An EAI 960 hybrid
computer is available
in the Utah Water lesearch Laboratory, and
plans are under way for an increase in its capacity, w:..th the possibility
of a link to the IBM 360.
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4.
4.1.

Validation

Studies

Introduction

4.1.1.

General

As already described,
studies are being established
which will enable
the performance of the computer simulation
model to be compared with ecosystem
dynamics in real life.
These validation
studies,
as they are called,
will consist of samples of complete ecosystems,
covering the main desert
types of the United States;
they will be in different
dynamics states,
partly through natural environmental
differences,
partly through changes
imposed by man. Complete inventories
will be taken initially,
continuous
records will be made of external
factors
influencing
the system, and selected
parameters will be monitored at intervals
to provide figures for coi•parison
with simulation
output.

4.1.2.

Individual

Validation

Studies

The goal of modeling the U.S. desert ecosystems can become highly
complex because of the diversity
of types existing
within the region.
Variati.on associated
with latitude,
altitude,
slope and aspect, with differenc8s
in precipitation
pattern
and intensity,
and with variations
in soils and
geology, all interact
to produce a great deal of biotic diversity.
Simulation
of this full range of variation
would require a very large number of validation
sites and process studies--a
total outlay requiring
funds and manpower
resources
far in excess of those available.
Yet some of the range of variation
must be studied if the model is
to have any predictive
generality
for deserts as a whole.
We have accordingly
selected
a limited array of areas to permit at least some generality,
and these are described in some detail
in the Research Design.
It is
anticipated
a research effort
covering this array will allow prediction
with relatively
narrow limits of precision
for any one of these sites,
and within someuhat broader but nevertheless
acceptable
limits for the
Biome as a whole.
During 1970, terrestrial
validation
studies were initiated
at Tucson,
a mixed terrestrial
and aquatic one on the playa at Las Cruces, and aquatic
validation
studies
in Curlew Valley.
It is proposed that these studies
be continued in 1971, and supplemented by studies on sites which together
constitute
an absolute minimum needed to achieve any degree of generality,
and to represent
the major subdivisions
of deserts of the United States.
These are shown in Figure 4.1.
At the coarsest
level of subdivision
of U.S. deserts,
several distinct
types can be recognized.
The most northerly,
and also most extensive,
is the Great Basin or "Cold" desert.
The sagebrush (Artemisia tridentata)
type is the most extensive
biotic
type of the Great Basin deserts,
and
is reDresented
in the design by Curlew Valley.
The less extensive,
but
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no less distinct,
salt desert shrub type is represented
by Pine Valley.
Both of these northern tynes are characterized
by relatively
high altitude
and latitude,
primarily
winter moisture,
and snow accumulation
in winter.
The salt desert shrub type occurs on the more saline soils.
It is proposed
that.terrestrial
studies in Curlew Valley in 1971 be added to the existing
aquatic studies there, and that Pine Valley studies be activated.
The southern or so-called
"Hot" deserts
are subdivided into three
and sometimes four distinct
types depending primarily
on rainfall
pattern
and on latitude
and altitude,
The eastern-most
Chihuahuan Desert, represented
by the Jornada del Muerte area in New Mexico, is primarily
a region of
late-sunnner rainfall.
It is proposed that the existing
playa studies
at the Jornada be extended to the surrounding
land area.
In southern Arizona, the Sonoran Desert is characterized
by both
summer and winter rain, and possesses
th£ most complex biota (both physiognomically and taxonomically)
of the American deserts,
The work at Tucson
initiated
in 1970 will continue.
The Mohave desert,
represented
by Rock Valley, in southern Nevada,
receives
only winter moisture,
and that in very small, total amounts.
We propose to initiate
studies in this extremely severe type in 1971.
Farther west and south, the Deep Canyon area of southern California
occurs in what some authors consider a westward extension of the Sonoran
Desert, and others term the Colorado Desert, a somewhat discrete
type,
Receiving both summer and winter moisture,
as does the Sonoran, but in
lo••1er quantities
and with higher temperatures,
the general aspect of the
type is quite severe.
We propose to initiate
the Deep Canyon studies
in 1971.
The inclusion
of several aquatic studies derives from the importance
of water in the desert system, and the unique character
of those systems
in the comparison with other U.S. aquatic types.
The characteristics
which make them unique, and therefore
of interest
to study within the
full spectrum of aquatic types in the U.S., include high salinity
as represented
by Locomotive Springs in Curlew Valley; frequently
high temperature
of
springs (Locomotive and Saratoga Springs);
ephemerality
(the Jornada playa);
and intermittent
flow (Deep Creek in Curlew Valley and Sycamore Creek in
Arizona).
In addition,
the playas may serve as nutrient
sinks for the
areas which they drain.
The adaptive opportunism of individual
species in ephemeral or intermittent
desert aquatic systems is well known. Less well known are the temporal
nature and intensity
of the whole system processes in these types, and
the pattern of land-water
interaet:fon
involved in those processes.
It
is.proposed
to continue the aquatic studies begun in 1970, to activate
the Saratoga Springs study during 1971, and to perform a biotic inventory
of Sycamore Creek which will both permit comparisons with the Great Basin
site at Deep Creek and provide a starting
point for the validation
study
intended there at a later date.
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Section 4.4. below details,
for each of the validation
study sites,
the operations proposed during 1971 and the personnel responsible
for
them. The sub-sections
dealing with them are listed below from north
to south.
A.

B.

C.

D.

Great Basin Desert
Curlew Valley
Terrestrial
Aquatic
Deep Creek
Locomotive Springs
Pine Valley
Mohave Desert
Death Valley Drainage
Terrestrial
Rock Valley
Aquatic
Saratoga Springs
Sonoran Desert
Terrestrial
Tucson
Deep Canyon (Colorado desert)
Aquatic
Sycamore Creek
Chihuahuan Desert
Jornada

Overall
description,
4.1.3.

4.3.1.2.
4.3.1.3.
4.3.1.3.l.
4.3.1.3.2.
4.3.5.

4.3.2.
4.3.2.2.

4.3.2.3.

4.3.7.
4.3.3.

4.3.6
4.3.4.

figures for the budget for each study are included in the
but budget de~ails ar~ brought togeth~r in a separate volume.
Methodolo~ical

Studies

The observations
necessary in the validation
studies pose certain
methodological
difficulties.
Repeated estimates of population and biomass
need to be made under conditions which will affect the processes in the
system as little
as possible.
Though various techniques are available
for estimating
population and biomass in different
gropus of organisms,
by no means all of them meet these requirements,
and some are well kno~-m
to give biased results.
Accordingly,
some studies are being established
with the intention
of recommending the most appropriate
techniques for
the validation
studies.
Four such methodological
studies are included
in the program for 1971. Three of these are continuations
of projects
initiated
in 1970; a fourth was included in the proposal for 1970 but
postponed for lack of funds.
They are listed below, and full descriptions
a.re provided in the sections referred to.
A.

An investigation
of methods for studying the water balance
of the validation
study areas by sampling precipitation
and soil moisture rather than actual monitoring of ~arface
flow (Sub-section 4.2,1.),
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B.

A comparative study of methods for estimation
of invertebrate
populations
in the validation
study areas (Sub-section
4.2.2.).

C.

A critical
estimation

study of techniques
for vertebrate
population
in the validation
study areas (Sub-section
4.2.3.).

D. An investigation

of survey methods for nematodes in desert
soils,
particularly
the free-living
forms.
This is needed
as a preliminary
to effective
inventory and monitoring of
the validation
study areas themselves (Sub-section
4.2.4.).

4. 1. 4.

Coordinated

Certain parts of the
areas can conveniently
be
(or all) sites.
It is to
in this way will increase
aspects of the validation
they are indicated
below,
detailed
descriptions
will
A.

B.

Honitoring

Studies

inventory or monitoring on the validation
study
performed by the same personnel working 0n several
be expected that the range of operations
r.andled
as the work progresses.
For the present,
two
studies are the subject of such inter-site
projects;
with references
to the sub-sections
in which
be found.

A study of seed reserves

in the soil

study

4.3.1.).

areas

(Sub-section

Remote sensing

surveys

of the different

of the validation

sites

validation

(Sub-section

4.3.2.).
4.1.5.

Meteorological

Instrumentation

The meteorological
installations
proposed at each of the terrestrial
validation
sites are based on the recommendations of the meeting of meteorolo~
~ists held at Las Cruces in February 1969, together with comments received
from meteorologists
outside the Desert Biome. In brief,
these installations
(discussed
in the Research Design, sub-section
11.2.1.),
will consist
of a vertical
series of sensors for air temperature,
water vapor, wind
speed, and soil temperature,
together with radiation
and surface temperature,
transmitting
continuously
to a computer-compatible
recording system.
This vertical
series pf observations
at a single central point will be
combined with horizontal
replication
for precipitation
and soil moisture,
measured by a gamma-ray meter.

A complete meteorological
installation
was included in the 1970 budget
for the Santa Rita site at Tucson.
It is proposed to duplicate
this equipment
(using the same data acquisition
system) at the Silver Bell site,
Tucson,
and to establish
similar sets of instrumentation
at the Jornada site,
Curlew Valley, Deep Canyon and Pine Valley, Rock Valley, too, will have
a similar ::;yst-em, the cost of which will be shared with the Atomic Energy
Commi.ssion.

4.2.-1
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4.2.1.

Development of a technique
validation
study areas.

for measuring

the water balance

of

In the deserts,
it is often difficult
to apply standard methods for
studying water balance; normal hydrological
techniques for monitoring
flow on water courses break down when the surface flow pattern is ill-defined
and variable,
and when much of the water disappears en route by seepage.
In consequence, it is proposed to explore the possibility
of replacing
standard methods for water balance - at least in some of the validation
studies - by alternative
techniques based on sampling of the precipitation
and soil moisture.
A methodological
study with this in view was initiated
in 1970, and will be continued through 1971. It is described below.
Project leader:
John L. Thames, Department of Watershed Management,
University
of Arizona.
Abstract:
The objective of the study is to develop a method of assessing
the water balance on the study areas with maximum precision
for limited
costs.
Assessments will be based on sample estimates of the rainfall
and soil moisture regimes of the area.
The study will initially
be concentrated
on the Tucson validation
study areas--both
in the Santa Rita Experimental Range and the Silver
Bell site.
It is hoped, however, that the results will contribute
to
the problem of monitoring water balance on other validation
sites as well.
Because of the large number of streams entering and leaving many
desert areas of gentle topography, measuring the occasional flows that
occur would be prohibitively
expensive if conven_tional flumes or weirs
were used,
Furthermore, the channels are often deep sands; thus, underground
flow could not be assessed with these types of installations.
Since watershed
boundaries are not well defined topographically,
considerable
inflow and
outflow might also occur around the edges of the watersheds.
However,
some provisions
for measuring channel flow must be made.
4.2,1.1,

Procedure

4.2.1.1.1.
Soil moisture regime.
Since sampling all of the
watersheds at regular intervals
is not financially
feasible
and would
eventually harm the site, a system of indexing the soil-moisture
regime
at key stations
is proposed.
Measurements at the index stations
could
be made at frequent intervals
and, with proper calibration,
give reliable
estimates.
It is proposed to use a two-probe gamma-ray attenuation
system
for depths down to 60 cm, and neutron-probes
for deeper depths.
Tentat:i.veJ.y,
the depths to be sampled are 0-7,5, 7.5-15, 15-30 cm, and 30 cm increments
thereafter
to 150 cm. The establishment
and calibration
of the index
stations
will be made in three steps.
watershed

will

4.2.1.1.1.1.
be selected

Selection of stratification
criteria.
for this portion of the study.
It will

One
be
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sampled as intensively
as possible
at three times when in a dry, moist,
and wet condition.
Timing of sampling must be gaged from considerations
of rainfall
distribution
in time and areal extent in order to minimize
errors due to differential
wetting.
Stratification
on the basis of soil mapping units,
plant cover, topography,
or combinations of these characteristics
will
be considered.
Choice of strata will be based on the ratio of the variance
of the mean for a random sample to a post-stratified
variance of the mean.
If sampling efficiency
thus determined is found improved by stratification,
then the remaining watersheds will be so divided and one or more index
stations
will be weighted to the proportion
of the area covered by the
different
strata.
efficient,
then
an index station
depend upon the
in a day. Soil

If stratification
is demonstrated not to be particularly
the watersheds will be divided into compartments with
in each compartment.
The number of compartments will
number of index stations
that can be conveniently
measured
moisture means will be weighted by the Thesein mean method.

4.2.1.1.1.2.
Determination
of Sampling Required for Calibration.
The sampling data of step one will be analyzed to determine the optimum
number of samples that should be taken to calibrate
an index station.
It may be necessary at this t~me to obtain additional
data from one or
more strata
or compartments.
The. analysis
is given opposite.
4.2.1.1.1.3.
Calibration
of index stations.
Calibration
of the index stations
will begin ~mmediately after stratification
criteria
and the number of samples required have been determined,
The mean water
content of the strata
or compartments will be determined by the sampling
scheme developed in step 4.2.1.1.1.2.
over the range of moisture cO,ioit:i.ons
experienced
on the area.
The relationship
between these m~3ns and readings
at the index stations
will be determined.
Al though var::.,'1t::.o'JS in rai,,fall
patterns
will add to the va:riance of this reJ.atfo,.£hjp,
the aim will be
to develc.p a c1:11ihn1t:f.cn that does not greatly e~.~2eci the precision
of
the sampling determinations.
of variation
of rainfall.

4.2.1.1.2.
Rainfall
for soil-moisture

Measurement,
One of the grP.atest sources
assessment will be the non-uniform distribution

The measurement of rainfall
input on the watersheds must
also rely on sample estimates.
It is proposP.d to establish
a network
of inexpensive
ncn-recording
gages over the watershed to be used in the
two initial
steps of the soil-moisture
assessment study.
The density
of the network will be based on analysis
of the Atterbury watershed (Tucson
basin) rain gage data.
A less

The aim will be to obtain
dense network will be established

the highest reasonable precision.
on the other two watersheds.
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In addition,
at least one recording raingage will be installed
on each
of the four watersheds.
The intensive
network data will be analyzed to
determine the number of gages necessary to obtain a precision within that
of the soil moisture measurements.
4.2.1.1.3.
Channel flow and seepage.
Water stage will be measured
at control sections on not more than two channels.
Water level recorders
will be established
at the inflow and outflow sections.
Streamflow will
be estimated from the water level records, measured cross sections of the
controls,
and assumed velocity
profiles.
An attempt to estimate seepage through the channel bed
will be made on the gaged channels.
Deep neutron access tubes installed
in the channels will be monitored during post-storm
periods.
4.2.1.2.

Total

Budget:

$.1,,8.88,
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4.2.2.

Development
Invertebrate

Project

Leader:

of Techniques
Animals.

Gordon L. Bender,
University

Where Conducted:

for Estimating
Professor

Biomass of Desert

of Zoology,

Salt River Valley; Santa Rita Experiment
Valley; Jornada Experimental Range.

Arizona
Station;

Inhabitir.g
State
Curlew

Abstract:
Techniques are being developed and assessed for determining
the density,
biomass, and population
structure
of important species of desert inhabiting
invertebrate
animals.
Initial
work is concentrating
on species affecting
major plant associations
which are found on the study sites.
These include
Larrea-Franseria
associations;
Aplopappus-grass
associations;
Arteruisiagrass associations.
As the work progresses,
the study will be expanded
to other plant as·sociations
and predaceous invertebrates.
4.2.2.1.

Objectives

To develop techniques
for estimating
density,
population
structure,
and biomass of desert inhabiting
invertebrate
animals.
The
more numerous and more important species will be treated
individually
with other forms being grouped in some manner if this seems feasible.
4.2.2.2.

Justification

Invertebrate
animals make up a very important percentage
of the biomass of the desert ecosystem.
Any attempts to analyze such an
ecosystem must account for the effects
of this group of organisms.
However, reliable
methods for the determination
of the biomass of desert
inhabiting
invertebrate
animals are not currently
available.
4.2.2.3.

Procedures

Invertebrate
animals may be found (1) flying in the air,
(2) resting
and feeding on plants,
(3) boring in plants,
(4) running on th?
ground, (5) living in the soil,
(6) living on or in water, (7) feeding on
or in other animals.
All of these have a place in the ecosystem and it
is important that their role be understood.
However, priorities
must be
established
for investigation.
It is proposed to establish
the following priorities:
(1) invertebrate
animals feeding; on or in selected
plant s-pecies, (2) those living in the
soil near selected
plant species,
(a) those flying over the study areas,
(4)
those running in the ground in the study areas,
(5) invertebrate
predators,
(6)

those

associnte<l

with

water.
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Initially,
populations
of invertebrates
will be studied on individual
plants in Larrea-Franseria
associations;
Aplopappus-grass
associations;
Artemesia-grass
associations.
Each is an important vegetation-type
on
one or more of the study sites and are being carefully
studied in a
variety of ways by other workers.
As the study progresses,
the work
will be expanded to other important plant associations.
The study of invertebrate
animals on these plants will be conducted
by placing a plastic
cage over an individual
plant, removing the
invertebrates
on the surface of the plant by means of a modified
D-Vac (suction) Insec Sampler; manually collecting
those left on
the ground, on the plant, and in the plant.
The density, population
structure,
and biomass of each species will be determined.
Populations
in the soil will be studied by modifications
of the
Tullgren funnel method and the Aguilar, Bernard, and Bessard methods.
Density, population structure,
and biomass of each species will be determined.
Aerial populations
will be studied principally
by turbine suction
traps which have been extensively
used for this purpose at the Rothamsted
Experiment Station in England.
Other methods will also be used as
experience dictates.
Organisms moving on the ground surface will be sampled by pit trap
methods and others.
Some arthropods,
notably scorpions,
and some beetles
fluoresce when exposed to ultra-violet
light.
Safari lites equipped with
ultra-violet
tubes will be used to determine nocturnal populations
of such
organisms.
will

In all cases, considerable
modification
be necessary as the study proceeds.

of the methods indicated

Studies will be carried on throughout the year with careful records
being kept regarding current climatic conditions
in the study areas.
Attempts will be made to correlate
animal abundance and population
structure
with seasonal and climatic parameters.
4.3.3.4.

Work in Progress

Studies currently being carried on under a 1970 grant are
concerned mainly with calibrating
absolute collecting
methods against
relative
collecting
methods.
Individual
plant species are being enclosed
in specially
made enclosures,
and all the invertebrate
forms removed from
the olants,
litter,
and soil will be counted and weighed.
Similar studies
are underway for one square meter areas of diverse vegetation.
These absolute values will be compared with values obtained from
relative
methods.
Initially
these relative
methods will include suctionsampling, pit traps and aerial traps.
Calibration
values will be determi.ned
for those methods which are shown to be the most useful and successful
for the various groups of animals.
4.2.2.5.
$21, 062

Total

Budget
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4.2.3.

Small Mammal Sampling Techniques

Project

Leaders:

Where Conducted~
Pro1ect

Duration:

for Validation

Sites

Clive D. Jorgensen and H. Duane Smith, Department
Zoology, Brigham Young University,
Provo, Utah;
David F. Balph, Department of Wildlife Resources,
Utah State University,
Logan, Utah.
BYUCampus, Pine Valley,
January,

of

Curlew Valley.

1971 - December 31, 1971.

Abstract~
Actual standing crop estimates
of the important small mammals
at the validation
sites are necessary
to check the Desert Biome mod~l
against
the real world.
Currently,
an investigation
is underway to
develop or select sampling techniques
for five genera of small mammals
at the Curlew Valley site:
Dipodomys, Perogna~Jius, Lepus, Peromyscus,
and Eutamias.
The techniques
will examine both indices and actual
estimates
of population
parameters
in the field.
The proposed study is
designed to validate
the techniques
chosen.
The results
will probably
generate correction
factors
for each technique.
The research
at Brigham Young University
will center around the
examination of proportional-index
methods that use live traps.
The
methods to be examined first
will be Lincoln Index, Jolly's
Stochastic
Method, Hayne's Index, and Craig's Moment Poisson Estimates.
As the work continues,
and particularly
if the results
suggest it,
additional
models by Jolly,
Leslie,
and Seber may be examined.
The procedures
to be used in testing
the worth of these
sampling methods will involve computer simulation
of their application
to simulated populations
of Dipodomys and Perognathus.
As time
permits,
other genera may also be included,
particularly
Perornyscus ,
Onychomys, Reithrodontomys,
and Ammospermophilus.
A variety
of population
parameters
that might influence
the performances
of the sampling
models will be manipulated.
On the basis of simulation
work a new s.ampling model will be
developed and will be tested against data available
from field
populations.
It is hoped that the new technique could be adopted for
sampling most of the common species at the validation
sites.
4.2.3.1.

Objectives:

The objectives
of this study are to explore the validity
of
several sampling methods for small mammals, both through computer
simulation
of trapping situations
and the manipulation
of variables
affecties
trappi.ng techniques
in are;is of known or established
mammal densities.
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4.2.3.2.

Justification:

The research design of the IBP/DESERT Biome pror,ram requires
that
validation
studies be conducted to proviclc fi~fr-: data with which to
check the performance of the Biome computer model.
The information
necessary for small mammals includes numbers, weight, age, and sex
of the most common species at the validation
sites.
The sampling
techniques used to obtain these data must:
4.2.3.2.1.

Give a reliable

estimate

of population

parameters.
4.2.3.2.2.
of the sites.
4.2.3.2.3.

Cause little

disturbance

Be low in cost

to the flora

and fauna

and effort.

A meeting

of the Desert Biome vertebrate
specialists
in September,
that preliminary
investieations
into methods for
population
inventory would be necessary before the validation
studies
begi.n. During 1970, we are conducting such studies,
They are
designed to develop or select sampling techniques for those small
mammals that represent
the greatest
biomass at the validation
sites
in Pine Valley and Curlew va11·ey. A preliminary
study indicates
that
these mammals are Lepus, Peromyscus, Eutami-'ls, D!r•;~rlr•mys, and
Perogr.a1~hus in Curlew Valley, and perhaps these genera plus Onychomys
-;;.:i -Amm..9?permophilus in Pine Valley.

1969, concluded

4.2.3.3.

Previous

Work:

Biologists
have long recognized
the difficulty
in obtaining
unbiased measures of population
parameters with the various techniques
used for small mammals. The difficulties
include variables
associated
with the abiotic
environment (Gentry and Odum, 1957; Huber, 1962;
Bailey, 1969; and others),
the biotic environment (Blair,
1941;
Andrewjewski et al., 1967; Smith and Blessing,
1969; rod others),
and an animal's behavior (Geis, 1955; Crowcroft and Jeffers,
1961;
Balph, 1968; and others).
Because of these problems, we shall assume
that each sampling method for the above mammals will provide only an
index to population
parameters.
The objectives
of this research
proposal are to validate
the methods, both through empirical
testing
of the available
techniques on known or established
population
densities;
and through computer simulation
of trapping situations
and the
manipulation
of demographic, behavioral,
and environmental
factors
that affect
trap response.

4.2.3.
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4.2.3.4.

Procedures:

The Curlew Valley portion of the study will consist of applying
different
sampling methods to small areas near the validation
sites
and then obtaining total counts within the same areas.
Most
censuses (total counts) will be done with a combination of intensive
removal trapping, drives, and direct observations.
The exact
procedures to be used for the censuses will depend upon the sampling
methods selected.
Correction factors will be derived from the results
of the population estimates and of the·. total counts.
Methods that
appear most reliable
for each genus will be selected for the eventaul
validation
studies in Curlew and Pine Valleys.
The Brig}J.amYoung University
following:

_studies will

information

4.2.3.4.1.
A review of the literature
on sampling the genus.

experience

4.2.3.4.2.
Consultation
sampling the genus.

4.2.3.4.3.
The findings
Brigham Young University.
sites

begin with the

with biologists

which contains
who have had the

of the above study conducted at

4.2.3.4.4.
A continuation
of field work at the validation
begun last year to test several sampling techniques.

On the basis of data from these sources, a population model for
computer simulation will be developed.
This model will include
functions for sex, age, behavioral,
and environmental variables.
Trapping success and precision of population estimate will then be
simulated by manipulating the variables.
Those factors effecting
the
greatest variation
and/or bias will be measured and noted, and the
best sampling methods subsequently selected.
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4.2.4.

Methods for the Study of Soil Nematodes in Desert

Ecosystems

Plant-parasitic
nematodes have been studied fairly
extensively,
and techniques
for estimating
populations
are reasonably well
established.
The same cannot be said for free-living
nematodes-fungus feeders,
bacterial
feeders,
and predaceous feeders.
As a
preliminary
to a reliable
inventory,
it is necessary to establish
their spatial
distribution,
vertically
and horizontally,
in
association
with soil and vegetation
differences,
and to develop
suitable
sampling techniques.
The present section of the proposal
is concerned with these methodological
investigations,
which will
be required before the nematodes can be effectively
included in the
validation
studies.
The project will include preliminary
survey
work at all six terrestrial
validation
sites,
together with more
detailed
work in Deep Canyon.
Project

Leader:

Reinhold Mankau, Associate Professor
University
of California,
Riverside

of Nematology,

Abstract:
It is proposed that ecological
studies be conducted on
the biology, behavior,
and survival
of soil-inhabiting
nematodes of
selected
synthetic
sites.
Initially,
a survey will be employed to
identify
and determine those species which are common to all sites
and those which are limited geographically.
It will provide
information
on their trophic relationships.
At the same time,
one site will be studied in detail
to establish
the techniques
best
suited for studying nematode populations,
spatial
distribution,
and
influence
of climate and vegetation.
4.2.4.1.

Introduction

and Specific

Aims.

Nematodes are nonsegmented members of the mesofauna wlth tissues
assembled to form organ systems and exhibiting
a basic bilateral
symmetry.
They are commonly vermiform (worm-shaped) and are further
characterized
by the possession
of a pseudocoel.
Their body wall
consists
of a cuticle
beneath which is a hypodermis and longitudinal
somatic muscles.
They have all animal systems except a respiratory
and circulatory
system.
The phylum Nematoda constitutes
one of the largest
and most
ubiquitous
groups of the animal kingdom and are undoubtedly the
dominant group of worms in the soil if factors other than bulk
and pedological
factors are considered.
They are found in every
cubic inch of soil, and although they are most abundant in the
upper strata,
they may be found to depths of over 6 meters.
As a
group they are cosmopolitan,
ranging from the arctic
ice fields
to
the trophies.
Fundam~ntally,
nematodes are aquatic animals and as
such are dependent on the water phase of the soil for active
behavior.
They have, however, the ability
to survive long periods
of dry conditions
in a state of quiescence
in various life cycle
stages.

4.2.4.-2
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All species of soil nematodes are heterotrophic
and depend upon
organic sources for food. The diverse types of plants that serve as
food sources include:
bacteria,
algae, fungi, mosses, ferns,
gymnosperms and angiosperms.
Some nematodes are predacious on other
members of the soil micro- and ~£sofauna and also parasitic
in larger
soil invertebrates.
These exceedingly interesting
organisms have remained a littleknown group in the biological
complex, principally
because of the
technical difficulties
encountered in the isolation,
preparation,
and identification
of the various species,
Research on the biology of nematodes in desert ecosystems will be
concentrated
during the first year on a nematode survey of the validation
sites and on methodological
studies.
Since little
is known about the
distribution
of the nematode fauna in our North American Deserts, it
would be desirable
to make a survey of all validation
sites to
determine which of the soil-inhabiting
nematode species are common·
to all sites and those which are limited geographically.
From this
survey, select species would be chosen from the various trophic
groups for extensive analytical
and model studies.
The trophic groups
to be considered are:
plant feeders,
fungus feeders, bacterial
feeders and predators.
Also, during the first year a detailed pilot study is proposed for
the Deep Canyon site.
This study would establish
(1) techniques best
suited for quantitative
analysis of desert soil-inhabiting
nematodes
at all times of the year; (2) the spatial distribution
of nematodes;
(3) influence of soil moisture, temperature,
texture and plant
rhizospheres
on population fluctuations
and survival;
and (4) what
portion of the ecosystem is occupied and influenced by nematodes.
4.2.4.2.

Methods of Procedure

4. 2. 4. 2. 1. Survey:
It is proposed that quarterly
visitations
be made to each of the six initial
synthetic
sites;
Curlew Valley, Rock
Valley, Pine Valley, Tucson Basin, Deep Canyon and Jornada to collect
soil samples,
Samples would be collected
from rhizospheres
of the dominant
desert flora, from natural moist habitats,
and from different
elevations,
The
samples would be returned to Riverside for processing to extract the
nematodes present.
Soil would also be tested for nematode parasites
by appropriate
techniques.
Estimates on nematode populations
would be
made per quantity of soil.
Nematodes would be preserved,
processed,
and mounted on permanent slides.
They would then be identified
and
placed in the permanent collection
·of the Department of Nematology,
Riverside.
Selected new species would be described.

4.2.4.-3
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Methodology:
It is proposed that monthly soil
samples be collected
at the Deep Canyon site to ascertain
which
standard nematode extraction
techniques are suitable
and satisfactory
for estimating
nematode populations
of all four trophic groups.
These
samplings will also be used to establish
the influences
of desert
climate on nematode populations.
The results
of these detailed
analyses will provide necessary information
to establish
models for
population
studies.
spatial

Specific
sampling
subsystems.

sites

4.2.4.2.2.l.

4.2.4.2.2.2.

4.2.4.3.

will

be maintained

in the following

Plant rhizosphere
subsystems - dominant plant
(annual vs. perennial)

species

Nonvegetative
desert area
subsystems - sand dunes, dry river

beds,

4.2.4.2.2.3.

Permanently and cyclically
moist areas
subsystems - fresh water ponds, streams,
springs and brackish ponds.

4,2.4.2.2.4.

Elevation
subsystems

Significance

- desert

floor,

mountain

etc.

plateau

and Justification

Little
is known about the importance and distribution
of
nematodes in our North American deserts.
Random collections
from the
deserts indicate
that many species of nematodes are present and that
at least after rains they are abundant.
At least-one
agriculturally
important plant parasitic
nematode has been demonstrated
to be a native
of the California
lower deserts.
The Sheath Nematode (Hemicycliophora
arenaris)
has been found on Hymenoclea salsola,
an indigenous plant
common in the sandy washes and stream beds in both the Coachella and
Imperial Valleys.
The soil nematodes are probably more primitive
in the evolutionary
scale than the animal parasites
which have been extensively
studied.
Therefore,
studies on the soil forms may eventually
contribute
more
information
on the ecolution
and adaptability
of nematodes.
Further,
it is hoped that the observations
on biology, physiology,
and parasitism
of some nematodes as related
to this study will contribute
to a better
understanding
of ecology and the fundamental processes of desert and
soil biology,

4.2.4.
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4.2.4.4.

Facilities

Available.

The Department of Nematology has approximately 900 m2 of office
facilities,
nematode culture laboratory,
general processing preparation laboratory,
taxonomy laboratory,
chemistry laboratory,
graduate
student laboratory,
and greenhouse facilities
which can be shared for
this project.
In addition,
there are several facilities
in the
Department of Plant Pathology and Department of Biochemistry which
are provided for joint use or used under their supervision.
These
include: cold rooms, constant temperature rooms and incubators,
soil
facility
laboratory,
radiation
facilities,
and workshop.
The Department of Nematology maintains a world-wide collection
of permanently mounted and labeled nematodes which presently contains
over 100,000 specimens.
It is one of the largest collections
in the
world and serves as a depository for type specimens and as a teaching
and research collection
for nematode taxonomy. All the nematode
specimens collected and identified
for this project would. be deposited
in this collection.
It would also serve as the depository and cent~r
for identification
of nematodes for other cooperators in the Desert
Biome.

4.2.4.5.

Previous Work Done in This or Related

Fields.

The principal
investigator
has conducted numerous studies on the
bionomics of nematode populations in arable and non-arable soils in
which data was obtained on population fluctuations
of various
ecological groupings of nematodes as affected by organic matter
decomposition in soil.
He is also a widely recognized authority on
parasitism and predation on soil nematodes.
Dr. Van Gundy has
conducted extensive research on the influence of soil moisture,
aeration,
pH, etc., on plant-parasitic
nematodes.
Dr. Sher is one
of the wortd's foremost nematode taxonomists and his collaboration
in
this project will assure the successful categorization
of populations
and data collected.
There are very few institutions
where these
particular
specializations
can be brought together on one project.
Almost no specific studies on the nematodes of the desert biome
are reported in the literature.
Listed below are some references
which would be pertinent
to this study.

4.2.4.
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4.2.4.6.

Pertinent

Literature

Banage, W. B. 1964. Some aspects
Proc. E. Afr. Acad. 2:67-74.

References:
of the ecology of soil
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Tijdschrift
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and free-living
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Can J. Microbiol.
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Isaac Pitman & Sons, Ltd. London. 264 pp.
Neilsen-Overgaard,
C. 1949. Studies
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Sir

stages of
survey.
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4.3.1.

Seed Reserves

Project

Leader:

in the Validation

David W. Goodall,

Study Areas

Utah State

University

Abstract:
It is proposed to prepare inventories
of viable seeds in
and on the soils of the validation
study areas, with details
of
dormancy state,
and of horizontal
and vertical
distribution.
4.3.1.1.
Relevance:
A potentially
important part of the
biomass in a terrestrial
ecosystem, often neglected,
is formed by
the reserves of ungerminated seed on and in the soil.
Though its
biomass may be small compared with that of the active vegetation,
and its turnover negligible,
it may be of great importance to the
dynamics of the ecosystem.
Particularly
where, as in many desert
communities, a proportion of the perennials
set seed only in
favorable seasons, and where many of the annuals may not be able to
germinate every year, let alone set seed, the importance of
continuing seed reserves to revegetation
after a catastrophic
disturbance
of the ecosystem is clear.
In an environment like the desert, where conditions
both for
seed set and for germination are unreliable,
there may be considerable adaptational
advantage in a wide temporal spread of germination
(c.f. Soriano, 1960). Widespread and varied dormancy mechanisms
are accordingly
to be expected.
4.3.1.2.
Background~ Over the past fifty years, there have
been numerous studies of the weed populations
of arable land
(Brenchley,
1918; Brenchley and Warington, 1930, 1933, 1936;
Singh & Chalam, 1937; Warington, 1958; Roberts, 1958, 1962, 1968;
Roberts and Dawkins, 1967) - particularly
as related to wead
control,
and different
types of dormancy. There have also been
a number of such studies on grassland (Brenchley, 1918; Charnpness
and Morris, 1948.) Rather few investigations,
however, have
concerned themselves with seed populations
under natural communities.
British moorlands were included in studies by Chippendale and
Milton (1932) and Champness and Morris (1948), and observations
on North American forests were published by Costing and Humphries
(1939) and by Olmsted and Curtis (1947).
Barbour and Lange (1967)
compared four community types in Australia.
There have been several papers (Went, 1948, 1949; Juhren
et al., 1956; Tevis, 1958 a, b) on seed germination in soils of
the California
deserts,
but these did not include attempts to
make a complete inventory of the seed population.
The other
North Americnn degprts
appear
to have been neglected from this
point
of view.

4.3.1.-2
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4.3.1.3.
Procedures:
It is proposed to take detailed samples
of soil and litter
over each of the terrestrial
study areas on
four occasions through the year.
The soil samples will be taken
at depth intervals
of 1 cm between O and 5 cm, and also from the 5-10·
cm zone. Each distinct
vegetation
type will be sampled separately,
and s·eparate samples will also be taken: beneath the canopy of each
shrub species and in the interspaces.
Each sample, when brought back to the laboratory,
will be
sub-sampled, and one of the sub-samples will be used to separate
the seeds by sieving and flotation
methods.
Seeds of the various
species present will be identified
and counted, the numbers
pr'esent being expressed per unit area.
Where seed polyn:orphism
occurs, the different
morphs will be counted separately.
To
facilitate
identification·,
a collection
of seeds and seedlings of
desert plants will be formed, matched with mature specimens.
The tetrazolium
test for viability
will be applied to each
type of seed present.
Other sub-samples will be used for germination
tests under different
light and temperature conditions,
and some seed
samples will also be subjected to dormancy-breaking treatments
(scarification,
acid treatment,
low-temperature
stratification,
etc.).
In this way, the proportions
of seed in each sample which are
viable or dormant will be estimated.
Close contact will be maintained with investigators
studying
harvester ants and other herbivores,
so that the effects of these
animals in redistributing
the seeds and modifying their viability
and dormancy can be assessed.
In particular,
the seeds contained
in herbivore feces will be examined~
4.3.1.4.
Equipment needs:
A binocular dissecting
microscope
will be required for seed identification.
Germination and dormancy
tests will be performed in a chamber built on a thermal gradient
bar, which seems to have advantages for this purpose over
conventional
incubators.
4.3.1.5.

Total budget:

$9,975.
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4.3.2.-2
4.3.2.2.

Justification:

Remote sensing techniques constitute
a great variety of methods
for identifying,
measuring, and monitoring ecological
parameters.
Large scale photography in the visible and near infrared portion of the
electromagnetic
spectrum offers a rapid and reliable
means for
permanently recording and documenting natural vegetation
and surface
soil features.
Desert vegetation,
because of its sometimes obvious
vegetation
patterns,
generally large interspaces,
and a proportionately·
high shrub component, lends itself
to rapid ecological
appraisal
and
documentation by photographic means. Large scale 70mmaerial data will
quickly and efficiently
provide a permanent record of vegetation and
surface soil features.
Time dependent factors such as plant moisture
content (related
to phenology) can be determined by multiple photo missions
done to correspond with given phenological
events.
The permanent records
provided by 70mmphotographs allow data accumulation on vegetation
parameters on times far removed from the actual flight date and time.
4.3.2.3.

Previous

Work:

Photographs have been used to document vegetation
for many years,
but it has been mostly for illustrative
purposes only.
Later, attempts
were made to extract data from photographs using standard photogrammetric
procedures.
French and Shunk (1952) studied the use of a 4 by 5 inch
.view camera with double extension
bellows,
tilting
back, and 135 mm lens
as a means of making photographic records of range vegetation.
Most
of the federal agencies administering
public lands have used photography
both aerial and ground, to study vegetation.
Little could be learned
about the vegetation
from small scale (1:20,000 or smaller) black and
white aerial photographs.
Ground photography was found to be very time
consuming relative
to the data obtained and the data was not always
definitive
of the actual case.
In the few years new techniques have been developed which
have renewed the interest
in aerial photography as an aid in vegetation
studies.
Recently it has been found that the use of color at large
scales can be very useful for classification
of vegetation
communities
and detection of related ground cover .characteristics.
Large scale
70 mmaerial imagery in stereo pair at scales of about 1:1,000 or larger
have been found to be the most suitable.
Heller et. al. (1959),
evaluated several camera systems for photographingfor";st
insect damage.
They found the Hulcher 70 mm camera proved best for large scale photography at shutter speeds of 1/1,000 second ot faster where image motion
was a problem.
Carneggie (1968) lists several advantages of 70 mmaerial camera
systems over conventional
systems.
Most important are fast shutter
speeds (up to 1/7,200 second) and rapid film advance.
Up to 10 frames
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per second can be exposed giving sufficient
photo overlap
examination even at altitudes
as low as 70 m. Additional
include:
relatively
low cost, small size and lightweight,
interchangeable
lenses,
narrow angle of view that reduces
tilt of parallax measurement; the film is easy to process
viewed in stereo without cutting
the film.

4.3.2.-3
for stereo
advantages
use of
effects
of
and can be

Lyon (1964) mounted two Hulcher 70 mmHodel 102 cameras 15 feet
apart on a boom beneath a Soll 47G-2 helicopter.
Sampling precision
and
accuracy comparisons were made between ground estimates
and aerial
photography estimates.
No significant
differences
were found between
the two when tree heights were estimated.
Aldrich (1966) discussed
the use of 70 mm color photography as a
means of gaining detailed
information
about our national
timber supply.
Such photography is proposed to determine losses due to insects,
d~sease,
and fire as well as to inventory quantity,
quality,
and location
of
the supply of species.
Colwell (1965) discussed
the extraction
of data from aerial
photography by human and mechanical means and the use of remote sensing as a
means of determining
ecological
conditions.
Objects are recognized on
photographs by observing the size, shape, shadow, tone, texture,
and
pattern characteristics
and their possible
extraction
by mechanical means.
Later, Colwell (1967) discussed
the extraction
of ecological
data from
aerial
imagery with a minimum of field checking.
For example, open
water and moist soils appear dark on the ektachrome aero infrared
film.
Green foliage appears as some shade of red, the shade being indicat:!.ve
of both species and moisture content.
Dry areas appear white on the film.
Infrared
film is very sensitive
to loss of vigor in plants because a
degenerate plant quickly loses some of its infrared
reflectance.
Langley (1965) discusses
the automatic interpretation
of aerial
photographs using a microdensitometer.
A stereo pair is scanned and
digitized
according to the grey scale density.
Displacement due to
tilt
is removed before the photographs are digitized.
Relief displacements
are recorded by the signal of the same object of a stereo pair arriving
at different
times due to its displacement.
A library
of signatures
of
various objects is thus built up and subsequent data can be compared to
the signatures
in the library
for accurate identification.
Carneggie et. al. (1968) have been some of the first
to investigat8
the applications
of 70 mm large scale imagery to range landscapes and
have undertaken detailed
investigations
to determine the optimum date
or dates of photography and the best film type or types to be used to
obtain the maximum data possible
on several plant communities in northern
and central
California.
Various surface soil characteristics
such as
erosion,
rock, cattle.tracks
and droppings,
and rodent casts and burrows
were identified.
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In a slightly
later paper, Carneggie (1968) indicates
that no
single date is best for interpretation
of all range features,
but interpretation
of three different
dates simultaneously
will yield the best
results.
Ektachrome aero infrared film was found to be the most interpretable considering the number of range features identifiable,
Infrared
was found to be superior for evaluating plant health and the ratio of
stem to leaf material.
Shrub intercepts
were measured both on the
ground and on the photos for three shrubs,
No significant
difference
was found between the photomeasurements and the ground measurement.
Driscoll et al., (1968) alsc worked with 70 mm aerial photography
on range landscapes.
They developed a dichotomous key for species identification using the following characteristics:
color, pattern,
texture,
size, shape, and shadow, The authors are currently
engaged in cover
measurements of various species employing a General Analine and Film
Corporation Model 650 microdensitometer.
4.3.2.4.

Procedures:

The equipment available
at the Renewable Resources Center includes
two Hulcher 70 mm, Model 103 aameras with a single 150 mm (6") F4.5
Schneider-Xenoter
lens and two 150 cm (6") F2.8 Schneider-Xenoter
lenses both in helical mount and a variety of filters.
These cameras
are capable of taking picture!; :f.nternally at 10 frames per second, 5
frames per second and in single sequence,
An intervalometer
has been
built allowing a setting,
from 1.1.frames per second to 10 frames per
second, The principal
film types to be used are Kodak Ektachrome aero,
Kodak Ektachrome aero infrared and Ansochrome D/200.
Several combinations of shutter speeds, F-stops and numbers of frames
per second have been tested,
Several flight altitudes
have been tried,
each with the plane flying at a constant speed of 100 miles per hour,
Shutter speeds of 1/1500 of a second at F4.5 and F2.6 will give good
quality with a clear sky, but may be underexposed if any clouds are
present to block the direct sunlight.
Clear days will be used for best
results.
Transects will consist of 100 by 500 foot strips systematically
spaced along flight lines.
Small scale photographs will be obtained over the entire area of
each validation
site, and in some cases including the whole catchment
of which it forms part.
Subsampling will consist of large-scale
photos
making up transects within the small-scale
photo-coverage area.
Scale
will be determined by laying out white 8 foot by l.foot plywood boards
along each transect or in each ecosystem to be photographed at a given
scale.

P-71

~.3.2.-5

Ground-truth observations will be made with the help of local personnel
engaged in the validation
studies,
These observations
will, for each
flight include:
4.3.2.4.1,

Phenology of each species.

4.3.2.4.2.

Surface moisture.

4.3.2.4.3.

Soil temperatures,

4.3.2.4.4.

Plant

4. 3. 2. 4. 5.

Wind speed·.-

4. 3. 2. 4. 6.

Time of day photographs

4.3.2.4.7.

Sun angle.

(infrared

)Portable fie~
)model availal
) at the Renew,
)Resources
)Center.

thermometer).

temperature of selected species
(infrared
thermometer).

At other times the following
selected photo transects:

were taken.

ground truth

will

be obtained

at

4.3.2.4.8.

Vegetation cover by species (basal area of grasses
and forbs and cro~m cover of shrubs and trees.)

4.3.2.4.9.

Density of each species

4.3.2.4.10.

(plant/unit

Other site characteristics
and judged to be important
interpretation,
e.g.,

4.3.2.4.10.1.

ant mounds

4.3.2.4.10.2.

animal burrows

4.3.2.4.10.3.

erosion

features

4.3.2.4.10.4.

surface

soil

4.3.2.4.10.5.

litter

4.3.2.4.10.6.

landform

area).

as determined in the field
to aid in data

features

It is then proposed that this data generated at certain selected sites
will suffice for the development of interpretive
keys, and that the keys
will allow evaluation on many other sites without benefit of detailed
specific and time consuming ground truth measurements.
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Markers will be placed near each species on a site before the
photographs are taken to help in species identification.
By noting marked
plants in destructive
sampling areas, other plants of the same species
on nondestructive
sampling sites can be identified
by referring
to the
marked plant.
By this procedure most of the shrubs and some of the forbs
and grasses can be identified.
Infrared film has proved to be extremely
valuable for species identification
due to the difference
in infrared
reflectance
of species that may appear similar on color film.
The next step is the determination
of foliage cover by species.
Various techniques have been employed to calculate
cover ranging from an
estimation technique to actually planimetering
the boundaries of each
plant.
Significant
correlations
have been obtained between the photo
procedures and the field procedures.
For example, in previous studies
the photo method took much less time to obtain the same results.
Also,
the cover of bitterbrush
(Purshia tridenta)
at Paine Springs, Nevada, on
about 5,000 square feet of ground area was determined by a dot-grid
method in 30 to 45 minutes.
Data obtained in the field on the same
species on only 250 square feet of sample size took over ten times as
long.
On selected sites density counts and interspace
distance measurements will be made to provide additional
information on the major plant
components of the ecosystem.·
In preliminary
discussions,
researchers
associated with the Curlew Valley, Las Cruces and Rock Valley validation
sites have indicated a keen interest
in the color photography and have
suggested several kinds of data that they would like to obtain.
Close
liaison will be maintained with researchers
at each validation
site so that
the proper combination of cooperation,
preinterpretation
of the phot0graphs
and extraction
of data by the individual
researchers
can be obtained.
Each of the sites on which validation
studies are in progress will
be investigated
by obtaining color photography on three dates per year.
These dates will be decided after preliminary work is accomplished in
1970.
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After careful review of the validation
site proposals and descriptions,
a color photography schedule was constructed
(table 4.2.6.-1).
The
proposal calls for color photography in both 9 x 9 inch and 70 mm format
and at scales of 1:20,000, 1:5,000, and 1:600 on the transects
selected
to represent
the primary ecosystems.
One alternative
would be to
obtain coverage on 70 mm film at a scale of 1:50,000.
It is felt that,
at least on some sites,
site classification
and stratification
for
subsampling purposes can be accomplished on 1:50,000 transparencies
in 70 mm format.
Small scale black and white coverage will be obtained
from the U.S. Air Force for the two Tucson area sites.
Further negotiations
will possibly provide coverage of other sites.
Consideration will be also
made of obtaining,
where available,
recent high resolution
large scale
black and white photographs for others of the validation
sites,
In the
latter
case some recent photographs may be available
from a variety of
sources.
In the case of each validation
site we will work with the site
director
in obtaining data.
Data should be obtained for each important
ecosystem on each site.
Small scale black and white panchromatic
photography is to be obtained for the Tucson sites by the U.S. Air For~~.
These data will be used for planning purposes.
We have a Cessna 206 aircraft
available
with a camera provision in
both Tucson and Reno when adequate notice is given and the weather is
appropriate.
This capability
to fly a mission with short notice is
very valuable.
We are still
investigating
the most efficient
and
economical film processors
for 70 mm color processing.
Several color
film processing firms provide good service although their prices vary
somewhat.
Mark Systems, Inc., Cupertino, California,
Ls developing a technique
of pretesting
the false color film before exposure in order to assure
that color processing can be repeated with similar results
from date to
date (Gnauck, 1970). This will allow the use of color, after quality
control processi.ng.
as a principal
criterion
for interpretation
purposes.

4.3.2.-8
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Scale, format and coverage of color photography for
sites.
Desert Biome validation

Table 4.3.2.-1.
·validation
Site
and Film
Format

1:50,000

Scale
1:20,000

1:5,000

5% of
area
1:600

Square
Miles

Tucson
Santa Rita
9

X

2 1/4

1.5

2

9
X

2 1/4

2

20

170

900

1.5

Silverbell
9

X

2 1/4

1.5

2

9
X

2 1/4

2

20

170

900

Las Cruces
9

X

2 1/4

500

200

9
X

2 1/4

627

49

450

2500

.4

Deep Canyon

2 1/4

16

10

9 X 9
X

2 1/4

24

48

450

2500

4

Death Valley Drainage
Rock Valley
9

X

2 1/4

50

16

9
X

2 1/4

60

48

450

2500

4

Ct!~lew Valley
9

X

9

2 1/4

1300

250
X

2 1/4

1530

48

450

2500

4

Pine Valley
9

X

2 1/4

720

240

9
X

2 1/4

836

48

450

2500

4
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4.4.1.1.-1
Validation

Studies

in Curlew Valley - General

During 1970, validation
studies in the aquatic areas of Curlew Valley-Deep Creek and Locomotive Springs--were
initiated,
but funding did not
permit commencement of the terrestrial
studies.
It is proposed to initiate
studies during 1971 on the four terrestrial
areas (two each in the northern
and southern parts of the Valley, one of each having been reseeded
with Agropyron spicatum), as well as continuing to monitor the aquatic
areas.
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4.4.1.2.

Validation

4.4.1.2.1.
Valley,
studies,

Studies

at Curlew Valley,

Utah and Idaho - Terrestrial

Introduction

The general characteristics
and research potential
of Curlew
along with the persons interested
in participating
in the validation
were set forth in detail in the Research Design.

During the preparatory
work, the position of site coordinator
was filled by Frederic H. Wagner, Department of Wildlife Resources,
Utah State University,
and subsequently by G. F. Gifford.
Dr. Gifford
resigned this position in 1970, and David F. Balph, Department of Wildlife
Resources at Utah State University,
became Curlew Valley Site Coordinator.

4.4.1.2.2.

Use of Land

The southern study areas are under the control of the Bureau
of Land Management, the northern under the Forest Service.
Both agencies
are actively
interested
in cooperation,
and discussions
are in progress
on a formal agreement for use of the land.
4. 4. 1. 2. 3.

tac"f1Ities

Jus tif ica tion

Headquarters for Curlew Valley Studies will be at Snowville,
Utah where Utah State University
owns a tract of land with trailer
pads,
utilities,
and some storage, all within a cyclone-fenced
area.
Utah State
University
intends from its own funds-to place living trailers
there for
the accommodation of research personnel operating in Curlew Valley.
This
will involve the expenditure o.f $16,500. The influx of IBP workers will,
however, require part of the utilities
bill to be picked up by IBP.
However, the two research areas will need some improvement of
roads, fencing, and availability
of electricity.
Corrals and portable
scales to be used at both areas are necessary to assess livestock
weight
changes.
Water will have to be either piped or hauled into the experimental
pastures since these areas are presently
parts of larger grazing units
with no water available
in the sections selected.

4.4.1.2.4.

Supervision

4.4.1.2.4.1.

of Validation

Monitoring

Vegetation

The vegetation
survey will be based on the aerial survey described
above (4.3.2.).
Ground studies of the vegetation
will be directed by
Dr. Karl Holte of Idaho State University.
Dr. Holte will concentrate
on vasvular plants, whereas Dr. Lorentz Pearson of Ricks College will
inventory mosses and lichens.
Dr. Raymond Lynn of Utah State University
will be in charge of algae and slime molds, Dr. Neil E. West of Utah
State University will also contribute
to the overall evaluation
of communlty
structure
and composition,
phytomass, and nutrient
content.
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A detailed inventory of kinds and quantities
of all plants
on the validation
site will be made with vegetation
types being map?cd
by aerial photographs and corresponding ground truth from permanent plots.
Plant cover, standing-crop
biomass, leaf area, chlorophyll
content, and
annual production will be determined monthly by methods and guidelines
set up by Milner and Hughes (1968).
Phenology will be recorded concomitantly.
Chemical and caloric composition of all plant parts will be studied, likewise.
The above data collection
will be closely coordinated with soil and meteorological studies.
4.4.1.2.4.2.

Arthropods

Drs. George Knowlton, Ting Hsiao and Ann Holman of Utah
State University and Dr. Robert Anderson of Idaho State University will
investigate
the diversity
and numbers of invertebrates
at the study sites.
Drs. Knowlton and Anderson conducted preliminary
surveys of arthropod
numbers and species in 1969 under support of their respective
institutions.
Inventories
of the soil arthropods will be made on a continuous
basis during the growing season.
Pit-can traps will be used along with
Cryptozoan boards.
These traps will be open continuously
and checked
on from two-to-seven-day
intervals.
Specimens necessary for a species
inventory will be collected
from similar traps outside of the synthetic
sites.
All specimens collected
from inside the synthetic
sites themselves
will be released unless it is absolutely
necessary to retain them. Methods
for estimating densities
have not yet been developed satisfactorily
and
this work will be done outside of the manipulation sites.
Indices with
determined confidences will be developed, from which the trap data can
be interpreted.
Inventories
of the free-living
mites (largely phytophagous)
of the principal
plant species at the sites will be made once each month
during the growing season.
The numbers will be determined on the b sis
of dry-weight quantity of plant material.
Species inventories
will necessarily
precede the analytical
work. Free-living
mites in the soil and litter
surrounding the plants will also be taken and the numbers determined.
The monthly inventories
wili be conducted, for the most part, on the validation
sites,
since little
material will actually be removed from each site.
Some work will be conducted to estimate their position as herbivores
and their potential
impact on the energy captured by their respective
hosts.
Inventory of other insects will be conducted by initially
selecting
the 20 (or more) most important plants in Curlew Valley.
The insect
species associated
with each will be tabulated
to determine the
following:
each insect

4.4.1.2.4.2.1.
species.

The host range or food requirements

of
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4.4.1.2.4.2.2.

species

occurs

and its

position

The area on the host plant
in a food chain.

where each insect

4.4.1.2.4.2.3.
An estimate of the abundance of relevant
species, determined by random samples taken at regular intervals·throughout
the season of activity
or of availability
of the host plant.
4.4.1.2.4.2.4.
Where practical,
estimates will be made
of plant damage to leaves, stems, seeds, etc., for the more significant
plant species, by estimates made from randomly selected plant parts.
4.4.1.2.4.2.5.
etc.,

to detennine

periods

The above will include aerial samples,
of flight,
migration or other activity.

Estimates of populations
of foraging insects and other
species not associated
with definite
hosts will be made by counting those
present in randomly selected square meter plots.
This study will te correlated with studies on the food habits of insectivorous
reptiles
and possibly
of birds or other organisms.

4.4.1.2.4.3.

Birds

Dr. Charles Trost of Idaho State University will direct
avian studies at Curlew Valley.
Dr. Keith Dixon at Utah State
will serve as a consultant.

University

An inventory of the birds of the intensive
sites at Curlew
Valley will include age and sex classes,
seasonal fluctuations,
natality
and mortality
rates, population density, and parasite
load.
These data
will be gathered by utilizing
techniques as follows:

4.4.1.2.4.3.1.

study areas:

4.4.1,2.4.3.1.i.

censusing

4.4.1.2.4.3.1.2.

mist netting

4.4.1.2.4.3.2.
the intensive

On intensive

in selected

habitats

and banding where appiicable

In Curlew Valley habitats

comparable

to

study area:

4.4.1.2.,.3.2.1.
specimens for identification

mist netting and shooting
and ectoparasite
studies.

4.4.1.2.4.3.2.2.
4.4,1.2.4.4.

hatch ratio

·and fledgling

to obtain
success.

Mammals

Drs. David Balph and Frederic H. Wagner of Utah State University,
and Dr. Donald Johnson of University
of Idaho have volunteered
to design
and cuL:a:y out studi.Ps
of kinds and populations
of mammals. During summer,
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1969, experimental work was undertaken under U. S, U. support to determine
the relative
abundance of the major mammalian species and the most promising
sampling technique for each.
Validation inventories
of the principal
small mammals (Lepus,
Dipodomys, Perognathus, and Peromyscus) will be made three times each
year:
one in the prereproductive
period, another during the reproductive
period, and the third following the reproductive
period.
Each inventory
will be reduced to a biomass estimate on each of the four manipulations,
They will, of course, include as precise an estimate as possible of sex
ratios,
age classes and density, all of which are essential
for biomass
estimates.
Inventories
on the study sites will be limited to capture-recapture
methods of data gethering and appropriate
proportional
index or probable-incidence analytical
methods. Necessary parameters for good biomass estimates
which will require much more intensive handling of specimens (sometimes
killing them) will be determined outside of the validation
sites.
These
studies outside of the validation
sites will include a number of variables
such as home range, dispersion,
age determination methods, parasites,
morphological and weight measurements, reproductive activity,
community
association,
etc., and are already underway in 1970.
Inasmuch as a small mammal inventory will be made with
attention
given to age structure
and sex ratio, it will be of some value
to attempt to correlate
these data with ectoparasite
indices for each
species of small mammals. Such data may be utilitarian
as:
4.4.1.2.4.4.1.

An index of mammal species

4.4.1.2.4.4.2.

As a factor

4.4.1.2.4.4.3.

As an index of ecological

in habitat

interaction

selectivity

of host

mammals
vagility

Only those mammals trapped outside the intensive study
site will be sacrificed
and their ectoparasites
removed. The collected
arthropods will be prepared for study in accordance with accepted procedures
and identified.
4.4,1.2.4.5.

Soil Microbiology

Dr. John Skujins of Utah State University,
Dr. Maude Loebeck
of Idaho State University,
and Dr. Henry Mayland of the Agricultural
Research
Service, Kimberly, Idaho have indicated an interest
in studying decomposers
and other microbes in the soil.
Dr. Gerald Baker of Utah State University
will inventory soil fungi and actinomycetes.
Soil respiration
activities
as related

rates, nutrient cycling studies,
and microbial
to environmental variation
will be conducted.
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Soils

Dr. Alvin Southard, assisted by Vern Hugie and Lemoyne Wilson
of Utah State University,
began a soil inventory for the Curlew Valley
sites in 1969 under U. S, U. financial
support.
A detailed soils map
will be prepared and characteristic
profiles will be described in both
physical and chemical terms. Nutrient content and rooting pattern studies
will be closely correlated with the vegetation inventory.
Dr, John Hanks, Department of Soils and Meteorology, will
supervise the regular soil chemistry and physics monitoring.
This will
provide input-output
information for validation
of the whole ecosystem
model, and will also test the validity
of his own soils model discussed
in the modeling section of this proposal (Section 3.4. above),
4.4.1.2.4.7.

Meteorology

Drs. Gaylen Ashcroft and Inge Dirmhirn will supervise collection
of meteorological
data at the Curlew Valley sites.
The instrumentation
and observations
have been discussed above (Section 4,2.),
4,4.1,2.5.

Total Budget:
$205,259
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4.4.1.3.

Validation

Studies

at Curlew Valley,

Idaho and Utah - Aquatic

Two sites in Curlew Valley entered the validation
studies program
for aquatic ecosystems during 1970: Locomotive Springs and Deep
Creek. A reservoir
site may be activated ·at a future date.
The
nature of the aquatic systems involved (springs and stream, respectively) and the diversity
of personnel and institutions
participating;
require that the proposal be organized in two sections with separate
budget pages.
The sites are described in the Research Design,
4.4.1.3.1.

Locomotive Springs

4.4.1.3.1.1.
Introduction.
The primary objective of this
study is to provide a data base for biomass estimates of all the
trophic levels existing in Off Spring and Sparks Spring.
The data
collected
will give information on the biomass of the various trophic
levels in weekly increments.
Variations
in the biomass will be
correlated
with those of physico-chemical
parameters in the spring~
measured at the time of sampling of the biota.
Food habits for all
of the animal species present will be established
through stomach
analysis.
The study area will consist of two of the six springs in the
Locomotive Springs area.
These are Off Spring and Sparks Spring.
The rationale
for the selection
of these two springs is based on
their differences.
As opposed to Sparks Spring, Off Spring has a
relatively
high content of dissolved solids.
In general, the intensity
of the sampling will be on a weekly
basis with the exception of the physical parameters, which for the
most part will be measured continuously,
and the fish biomass, which
will be estimated at approximately monthly intervals.
4.4.1.3.1.2.

Abiotic

Factors

4.4.1.3.1.2.1.
Solar radiation:
Solar radiation
is being measured continuously with recording pyranometers at the
water surface.
Percent transmission
will be measured periodically
at specific
depths in the water.
The coefficient
of extinction
of
light for the water will be determined from water samples taken
weekly.
4.4.1.3.1.2.2.
Flow: Water flow is measured for
each of the springs at weirs or culverts already constructed
at
outflows with water stage recorders.
The culverts and weirs
have been rated and recorders installed
by the U.S. Geological Survey
under contract with the Utah State Division of Fish and Game.
4.4.1.3.1.2.3.
Temperature:
Temperature is also
recorded continuously
with three leads:
at the surface, one meter
below the surfac:E>, .and at the bottom of each of the springs.

4.4.1.3.-2
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4.4.1.3.1.2.4.
Chemistry:
The chemical quality of
the water is determined quantitatively
on a weekly basis for the
following ions:
iron, calcium, magnesium, sodium, potassium, lithium~
bicarbonates,
sulfates,
chlorides.
fluorides,
iodides, nitrates,.boron,
and phosphates.
In addition,
organic nitrogen and carbon, total
dissolved solids,
specific
conductivity,
pH, and oxygen concentration
of the waters are also measured.
The methods for these determinations
follow standard quantitative
analytical
procedures.
The analyses,.
with the exception of conductivity,
pH, and oxygen measurements, are
made in the Utah State University water quality laboratories.
4.4.1.3.1.3.

Biotic

Factors

4.4.1.3.1.3.1.
Bacteria:
Estimates of biomass,
bacterial
production,
and bacterial
turnover times are made with
micropore filter
and culturing
techniques,
as well as with glass
slide suspensions in the water and microscopic examination.
Once
species composition is known, the techniques in collection
may be
modified to maximize the information for the sampling effort.
4.4.1.3.1.3.2.
Plants:
Gross and net primary
production rates are made utilizing
a modified diurnal pulse technique.
Biomass estimates of both planktonic and benthic algae are being
made using specific
quantitative
sampling techniques.
In the case
of planktonic forms, metered nets are utilized,
and wet and dry
weights of the algae by species will be determined.
Square meter
frames are utilized
for biomass estimates of the benthic algae.
A similar technique is used for aquatic vascular plants.
4.4.1.3.1.3.3.
Invertebrates:
Initial
effort is
be:lng directed toward establishing
a list of species present.
In
general, planktonic
forms are being collected
with metered nets and
identified;
and dry and wet weights, turnover times, and production
rates will be determined,
Benthic forms are being collected with
the use of various areal collection
devices, identified,
and
weighed; annual production rates of each species will be estimated.
4.4.1.3.1.3.4.
Fish:
Fish biomass will be estimated
through a mark and recapture
technique.
Fish will be colelcted with
seines, trap nets, or electrofishing
apparatus,
whichever proves most
feasible.
They will be marked with numbered spaghetti-type
tags in
the dorsal area and released.
Subsequent recapture will also include
marking of unmarked fish.
All fish captured will be measured and
weighed for growth rate, biomass, and production rate estimations.
4.4.1.3.1.3.5.
Waterfowl and Aquatic Mammals: Brood
counts and nesting use estimates will be made by direct observation.
Periodic feeding time use counts will be made on transient
waterfowl.
Biomass and production estimates will be established
by weight increases
of samples collected by species throughout the year.
Numbers of
mammals using the area will be estimated by trap-line
data,
Increases of growth on subsequent recaptures
will serve as estimates
of production~-..::··..-i .. ·:,
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4.4.1.3.2.

Deep Creek

4.4.1.3.2.1.
Program of Observations.
Four sampling
sites have been established
on the stream:
One near the headwaters;
one just above the reservoir;
and one in the lower reaches where the
stream becomes intermittent.
Collections
of biological
materials
and
of water samples and measurements of current velocities
will continue
to be made at monthly intervals.
Continuous records of solar radiation,
temperature,
and discharge will be obtained for all four sites as given
below; this equipment is inspected once a week. Precipitation
is being
recorded continuously.
Additional meteorological
data will be obtained
from the climatological
station to be located in the valley as a part
of the terrestrial
synthetic
studies.
4.4.1.3.2.2.

Abiotic

Factors

4.4.1.3.2.2.1.
Solar Radiation:
Measurement
of total incoming radiation
at the water surface will be monitored
continuously
for all four sites.
Percent transmission
of selected
wave lengths of solar radiation
through the water column will be
determined at irregular
intervals
throughout the year.
4.4.1.3.2.2.2.
Temperature:
Continuous
records of air and water temperatures will be obtained for all four
regular sampling sites.
Water temperatures
are measured near the
water-streambed
interface,
which is where most of the organisms live.
4.4.1.3.2.2.3.
Water Movement and Related
Factors:
Continuous records of discharge will be obtained for all
regular sampling sites.
Such a complete record is necessitated
by
complications
arising from evaporation,
irrigation,
and rese11Voir
storage, which cause large and presently
unpredictable
differences
from site to site.
Discharge will be correlated
with precipitation
records from the aquatic and local terrestrial
sites.
A weir or culvert has been installed
at each of the four
locations
and each is equipped with a water-stage
recorder.
From
this, continuous records of stream discharge are obtained.
Crosssectional
measurements of current velocities
will continue to be
made at monthly intervals,
and these will be corr.elated with discharge to provide estimates of current velocities
for other times.
4.4.1.3.2.2.4.
Substrate:
Bottom materials
comprising
the substratum were determined for each site at the outset of
the study.
Thereafter,
records of bottom material composition
have been made utili.zing
photographic techniques.
Three
camera points are located along a transect
line at each site;
photographs are taken approximately every three months.

4 .4. 1. 3 .-4

P-71

4.4.1.3.2.2.5.
Chemical Components:
Regular analysis of water samples will continue to be conducted
for determination
of carbon, nitrogen, phosphorus, calcium,
magnesium, carbonates,
dissolved solids, and hydrogen-ion concentrations.
The monthly determinations
will be supplemented by 24-hour
(diel) studies at critical
periods of the year.
4.4.1.3.2.3.

Biotic

Factors

4.4.1.3.2.3.1.
Plants:
The relative
contribution
of allochthonous and autochthonous materials to the
energy budget is being determined for each site.
Chlorophyll
extractions
are used as an index to algal production, and gravimetric
and dichromate oxidation techniques are employed to
estimate detritus.
4.4.1.3.2.3.2.
Vertebrates:
Fish populations will be censused once each season by mark and recapture.
In
addition,
length and biomass will be measured and scales will be
collected for estimation of age. The fish are individually
marked
to facilitate
measurement of growth.
4.4.1.3.2.3.3.
Invertebrates:
Three
representative
1/16 m2 samples will continue to be collected monthly
at each site by means of a modified Hess sampler in order to provide
insight into the natural variations
characterizing
each section.
4.4.1.3.3.

Division

of Responsibility

4.4.1.3.3.l.
Locomotive Springs.
All
cooperators in this study are responsible
for specific areas most
closely related to their competence.
One technician,
Iren Walkin,
and an assistant
are responsible
for collection
of the field data,
maintenance of data system collections,
and the chemical analyses
conducted in the laboratory.
They are under the direct supervision
of Dr. Ann Holman, ,rho is responsible
for coordinating
the activities
of the assistants
and logistics
of the project.
Drs. Frederic J. Post. Raymond Lynn, John M. Neuhold, and
Ann Holman are responsible for estimates of bacterial
biomass and
production,
respectively.
Robert H. Kramer and Clair B.
Stalnaker will be in charge of the fish biomass and production
estimates,
and Dr. J.B. Low will handle estimates of the waterfowl
and mammal biomass and production.
Overall integration
of the report will be .the joint
of Dr. Robert H. Kramer and John M. Neuhold.

responsibility
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4. 4. 1. 3. 3. 2. Deep Creek.
Dr. G. Wayne
Minshall will be responsible
for coordinating
the Deep Creek studies.
He has specific
responsibility
for the invertebrate
biomass and
production estimates.
Dr. Minshall will be assisted
in the invertebrate studies of Heep Creek by J. N. Minshall.
Measurement of
primary production in Deep Creek will be under the direction
of
Dr. Fred L. Rose.
The responsibility
of each of the professional
scientists
li~ted
above will involve the overall development of the design for the
sampling of his specific
trophic level and the general supervision
of the collection
of that data.
Specifically,
each investigator
will
be responsible
for identification
of the species involved,
bfomass
determination,
and related
mnformation concerning population
parameters of the various species.
4.4.1.3,4,

Equipment and Facilities

Available

The collaborating
institutions
can provide the space and basic
facilities
needed for these studies,
and also a good part of the
equipment and supplies
that will be used.
For the work at Locomotive Springs, Utah State University
has
on hand sufficient
basic equipment to initiate
collections
immediately.
These include vehicles,
boats, outboard motors, a variety
of
chemical analysis
equipment, including
a flame spectrophotometer
for
metal. analyses,
oxygen analyzers,
pH meters, conductivity
meters,
glassware,
and equipment to sustain
the analyses of water samples
for chemistry.
For the work at Deep Creek, Idaho State University
can supply
laboratory
space and many expendable items such as glassware,
chemicals,
and preservatives.
Major items of equipment available
for this
project include:
Parr bomb calorimeter,
Mettler balances,
block
heaters,
drying ovens, Millipore
filtration
equipment, research
microscopes and stereozoom dissecting
scopes, boats and motor, pH
meters, dissolved
oxygen analyzer,
specific
ion meter, YSI thermisterthermom<>ter,
Ott cnrrent
meter, submarine photometer,
dredges,
nets, etc.
4.4.1.3.5.

Total

Budget:

$86,925
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4.4.2.1.-1
Validation

Studies

in Death Valley Drainage - General

It is proposed to initiate
two validation
studies in the Death
Valley Drainage during 1971. One of these is a terrestrial
study in
Rock Valley, on the Nevada Test Site of the Atomic Energy Commission.
The other is an aquatic study'in Saratoga Springs, within the Southern
boundary of the Death Valley National Monument.
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4.4.2.2.

Validation

4.4.2.2.1.

Studies

at Rock Valley,

Nevada Test Site,

Nevad.a

Introduction

The research nrogram and rationale
for Rock Valley, and the persons
interested
in participating
in the validation
studies,
were described
in the Research Desir,n.
Frederick
B. Turner, of the Laboratory of Nuclear
t.tedicine and Radiation
Biology, University
of California,
Los Angeles,
is site director.
4.4.2.2.2.

Use of land and interagency

cooperation

Rock Valley lies within the U.S. Atomic Energy Commission's Nevada
Test Site and is under the control of that agency.
The proposed conduct
of research associated
with the International
Biological
Program is strongly
supported by the Division of Biology and Medicine and coordinated
~-1th
the Nevada Operations Office of the Atomic Energy Commission.
4.4.2.2.3.

Facilities

The facilities
in Rock Valley include four circular
8 ha areas, three
of which are surrounded by rodent-proof
fences.
One of the fenced areas
is subjected
to low levels of gamma radiation
for about 25 days of each
month.
Each area is staked with a 15-m rectilinear
grid.
The validation
area is a 2.6 km2 area containing
the four 8 ha plots described
above.
The validation
site itself
will consist of one-half of this area, a 1.3
km2 tract adjacent
to the half section containing
the enclosures.
Various
types of destructive
samplinR and soil analyses will be carried out nearby.
An air-conditioned
laboratory
trailer,
which has been in use since 1963,
is located near the validation
area.
Power supply is from gasoline-powered
generators.
Accommodations, services,
and laboratory
facilities
are available
at 'Mercury, subject
to restrictions
described
in the design.
Other study
areas have been established
near nercury,
primarily
for process studies.
Permanent ~uadrats have been established
in which the effects
of various
factors
on shrub production
are being evaluated.
Six one-acre enclosures
have been constructed
for process study experiments with small animal
species.
The whole program is also supported by laboratory
facilities
at the University
of California
at Los Angeles.
Mineral analyses of various
materials
are made with an optical
emission spectrometer,
with computer
reduction
of spectral
data.
Procedures for the mechanical transcription,
retrieval
and analysis
of sampling data have been established
for over
5 years (e.g.,
magnetic tapes and discs,
and tested computer vrograms)
using the U.C.L.A. Campus Computing Network.
The low-level radiochemistry
laboratory
at the Laboratory of Nuclear Medicine and Radiation Biology
is one of the best in the country.
4.4.2.2.4.

Monitoring

4.4.2.2.4.1.
Almost all
as well as soil

of the validation

site

General

of the monitoring
;me! metPoroJ

ogical

of vertebrate
and plant populat:i.ons,
work, will be conducted by the staff
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(including senior technicians)
of the Laboratory of Nuclear Medicine and
Radiation Biology, University of California,
Los Angeles.
Measurements
of arthropod populations
and soil decomposers will be made by individuals
from other institutions.

4.4.2.2.4.2.

Vegetation

Dr. Arthur Wallace, Dr. Evan Romney, and Dr. Samuel Bamberg will
•'be responsible
for the direction
of work on annuals and perennials.
Aerial photography of the sites in Rock Valley and near Mercury will
be conducted by Dr. Paul Tueller of the University of Nevada, Reno. Large
scale 70 mmaerial imagery in color and color infrared will be used to
study vegetation
and surface soil features.
Photographs will be correlated
i-1i th ground truth
data for all of the sites.
Biomass of winter annuals will be estimated from harvests made at
the time of maximum spring growth (see Table 11.3.3.-2 in the Research
Desi~n).
Standing crops of perennial
shrubs will be estimated from linear
dimensions (or a volume 11index"), which have been correlated
by dimension
analysis with total and live dry weights.
Past work of this nature has
indicated
that for almost all of the common shrubs, correlations
between
dry weights and volume indexes range from 0.80 to 0.96.
Spatial distributions
and interspecific
associations
will be analyzed from aerial photographs
and ground data.
Conventional phenological
records will be maintained.

4.4.2.2.4.3.

Arthropods

One major emphasis in 1971 ~-1ill be the develooment of sampling procedures
~1hich can be related to the absolute abundance of various arthropod species.
This work •,,1111rely heavily on what will have been learned in the study
by Gordon Bender during 1970 (see Research Design), but procedures in
Rock Valley will, initially,
require careful attention
by senior personnel.
Sampling techniques will involve the use of pitfall
traps and collection
of arthropods from shrubs by De-Vac or chloropicrin
methods.
Each of
the four 8 ha plots contains over 400 pitfall
traps arranged in 15-m grids.
Identification
of species is not envisioned as a major problem because
of oast research by entomologists
from Brigham Young University
(see 11.3.3.2.2.2.5.
in Research Design).
Our intention
is to establish
a group of four full-time
technicians
(or graduate students) at the Nevada Test Site for the period of March 1
- October 1. (These FTE's could be subdivided among more than four indivic.uals
according to the desires of the various investigators.)
This group will
be responsible
for all of the sampling of arthropods,
following procedures
and schedules arranged by senior investigators.
The senior personnel
involved are:
Dr. Elbert Sleeper, Jr. Richard Loomis, Dr. W. D. Stockton
(consultant)
of the California
State College at Long Beach; Dr. Donald
Lowrie, Los Angeles State College (consultant);
Dr. Robert Chew, Uni.versity
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of Southern California;
Dr. Stanley Williams, San Francisco State College;
Gordon Marsh, University
of. California,
Irvine;
Dr. George Wheeler and
Dr. Jeanette
1-fueeler, University
of Nevada, Reno.

4.4.2.2.4.4.

Vertebrates

Methods of determining
the size and composition of selected
populations
of mammals and lizards have been worked out in detail
in Rock Valley.
For four soecies of heteromyid rodents and three species of lizards
several
years of population
data are already available
(see Tables 11.3.3.-3
and
11.3.3.-4
in the Research Design).
Some of the factors
involved in yearto-year density changes have already been identified
in a qualitative
way. Small-scale
geographic heterogeneity
in the densities
of some of
the vertebrates
species has been observed and correlated
with shrub composition
(though causality
has not been determined).
These factors will be weighed
in extending the population
data acquired in the fenced plots to th1 larger
and more heterogeneous
validation
site itself.
Net., sampling procedures will be developed for cricetid
rodents,
carnivores,
birds and snakes.
Trapping procedures for mammals are to be tested in
the Rock Valley enclosures·during
July 1970. This test program, directed
by Norman R. French of Colorado State University
is an inter-biome
endeavor
and will involve collaboration
of personnel from the desert,
grassland,
and deciduous forest biomes.
Desert biome personnel collaborating
are:
Dr. David Balph, Dr. Clive Jorgensen,
and Bernardo '1aza. Further details
reearding
the proposed sampling of vertebrates
are given in the Research
Design (11.3.3.).
This work will be directed
by Dr. Frederick B. Turner,
Laboratory of Nuclear and Radiation Biology, University
of California,
Los Angeles, and Dr. Ronald Church, University
of Nevada, Reno. Dr. Robert
Chew, University
of Southern California,
will be a consultant.

4.4.2.2.4.5.

Soils

A map of the soils of the validation
area in Rock Valley will be
preoared.
Soil analyses will be carried out with particular
attention
to the influence
of soil characteristics
of vegetational
patterns.
Several
sites in Rock Valley will be selected for studies of slope, surface characterist:
parent material,
depth of profile and restricting
layer; thickness,
texture,
and boundary characteristics
of horizons;
air and water permeability,
pH and conductivity,
organic matter, cation exchange capacity,
soluble
cations,
lime, µhosphorus,
nitrate,
total nitrogen,
sulfate,
chloride,
iron and aluminum. Types of principal
clay minerals will also be obtained.
The analysis
of mineral elements uill be enormously facilitated
by the
optical
emission spectrometer
ani the computerized output from this instruraent.
Research on soils will be conducted by Dr. Verle Hale and Dr. Evan Romney,
Laboratory of Nuclear Medicine ard Radiation Biology, University
of Californi2,
Los Angeles.

4.4.2.2.4.6.

Soil decomposers

Work with soil microorganisms ·,.rill involve the identification
of
the abundant decomposers and the analysis of seasonal changes in the abundc:.!lc?.
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of important types.
The makeup of soil microflora will be estimated by
dilution-plate
techniques.
This research will be directed by Dr. Fred
Au, U. S. Public Health Service, Las Vegas, Nevada.
4.4.2.2.4.7.

Heteorological

measurements

A fully automatic recording station will be established
in Rock Valley.
Those variables to be measured have been determined by consensus and involve
air temneratures at several hei~hts, soil temperatures at the surface
and at several depths, '7ind at several heights, solar and scattered radiation,
humidity, precipitation,
and soil moisture.
Precipitation
will be measured
with conventional recording gauges.
Soil moisture will be recorded at
weekly or monthly intervals.
Other variables will be measured and recorded
hourly during periods of interest;.daily
averages will be used for·the
rest of the year.
Data from sensors will be transmitted by phone to Mercury
and recorded on punched tape.
Computer-compatible output is an indispensable
part of the meteorological
measurements program. Otherwise the reduction and analysis of data becomes
overwhelming.
Computer !)rocessing of meteorological
data permits two
important advantages.
First, monthly and/or quarterly summaries may be
prepared on a regular basis, and lag time between data acquisition
and
utilization
minimized.
Second, and more important, taped data are amenable
to rapid summations and recombinations.
For example, the phenological
aspects of many plant and animal processes are linked to temperature totals
(day-or-hour-degrees
above some threshold temperature) or combinations
of temperature totals,
light, and/or moisture.
These complex physical
parameters may be easily derived from tape data, but are extremely tedious
to compute manually.
The meteorological
equipment will be maintained by James Childress,
Laboratory of Nuclear Medicine and Radiation Biology, University of California,
Los Angeles,
Collation and reduction of output will be carried out by
the technical staff of the Laboratory of Nuclear Medicine and Radiation
Biology, University of California,
Los Angeles.
4.4.2.2.5.

Total Budget:

$104,647
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4.4.2.3.

Validation

4,4,2.3.1.

Studies

at Saratoga

Springs,

California

Introduction

The site, a general outline of objectives,
and the program
of observations
have been outlined in the research design.
Validation
studies are designed to provide a nearly continuous gross
view of ecosystem function.
Sufficient
detail of observation
is included
in the study to permit considerable
re.finement as results
of process
studies become available.
The data base for understanding
energy flow in the Saratoga
Springs ecosystem is assumed to require,
as a minimum, regular
estimates of biomass of all principal
taxa.
These data must be
accompanied by physical and chemical monitoring of the environment
of each major taxon.
Many abiotic measurements will be continuous,
most biotic measurements will be made monthly.
One basic assumption
is that animals do not generally fit neatly into trophic levels,
therefore
emphasis will be on examination of the relationships
of taxa
of major importance.
In cases where techniques require treating
several
taxa as a group or "trophic level",
this will be done. Food requirements will be established
by process studies,
but general information
will be gathered to guide the design of process studies of food
requirements.
•
4.4.2.3.2.

Use of Land

Saratoga Springs lies within Death Valley National
Monument. Close cooperation with the National Park Service has been
established
as is evident from the fact that ecological
studies in
the area were directly
supported for three years by Park Service
contracts
(from 1965-1968).
A formal agreement to cover use of the
area for IBP is under discussion.
4.4.2.3.3.

Personnel

and Procedures

Dr. James E. Deacon will act as Site Coordinator
for the validation
study.
He will also be directly
involved
on Cyprinodon nevadensis and the dominant invertebrates.

in studies

Investigation
of the abiotic environment will be under the direction
of Dr. William Fiero.
He will direct the field observations
made by
the graduate assistants,
including records of meteorological,
hydrological,
and chemical conditions.
As data are collected
he will assimilate,
reduce, and analyze it.
The objective
of abiotic studies at this point
is to describe the climate, chemical and hydrological
setting for
i.nterpretation
of biotic responses.
Of particular
importance is water
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availability
and changing ionic composition of the water.
Preliminary
work at Arizona State University suggests that, once yearly records
of ionic changes are available,
the number of analyses· can be greatly
reduced with no loss of information.
This is true because a predictable
relationsl"!ip between ions normally exists in a given body of water.
Dr. W. G. Bradley and Dr. Wesley Niles will conduct and direct
field studies on vegetation.
Phenology and changes in biomass of
dominant plant species will be undertaken.
In addition, process
studies on vegetation will be conducted by Dr. Bradley as described
the process study proposal.

in

Work on biomass, phenology, and identification
of aquatic insects
will be conducted by one graduate student under the direction of Dr.
C. M. Mtirvo-sh. Dr. Murvosh and his student will attempt to develop
some means of estimating insect biomass and will describe important
phenological events in the life cycle of the aquatic insects.
The
insect output of the aquatic ecosystem will be mon.itored. by emergence
traps.
Biomass and phenology of other microscopic aquatic invertebrates
and fish will be monitored by one graduate student, Mr. Al Espinosa,
and Dr. J.B. Deacon. Techniques for fish have been established
but
will require some modification for use in the marsh. Biomass estimates
of fish will be accompanied by measures of population structure.
Materials will be preserved for additional work on reproductive
condition
and food habits.
Other important aquatic invertebrates
have been
identified,
but techniques of estimating biomass are yet to be established.
This, as with insects, will require some testing and development.
Water birds constitute
a major consumer group at Saratoga Sprfags.
Population estimates (biomass), phenology, and food habits of the
dominant species will be investigated
by one graduate student under
the direction
and with the assistance
of Dr. Donald Baepler.
A marking
program, regular censusing, and live trapping will provide data on
biomass and phenology.
Use of a stomach-flushing
technique dEveloped by
Dr. Baepler will provide samples of gut contents from live-tra;ped
birds without sacrificing
the bird.
This material will be uset in process
studies of food habits to be undertaken as funding permits.
Mammals living in the area of the marsh that is seasonall} flooded
will be monitored by Dr. Bradley in connection with process stt.:lies on
population ecology and metabolism.
He will be assisted by a gGduate
student.
In general, sampling of the biotic elements will be monthly,
although some will be continuous (i.e.,
insect emergence traps)
Physical measurements will generally,
be continuous.
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4.4.2.3.4.

Abiotic

Factors

Solar radiation
will be measured continuously using
recording pyranometers at the water surface.
Percent transmission
be measured periodically.

will

Water stage recorders in the outflow from the main spring and
in the marsh provide information on discharge rate from the mainspring
and water level in the marsh.
Water temperature will be continuously recorded at three points
in the marsh and temperature profiles
of the main spring food and of the
marsh will be taken monthly during the most extreme times of the day.
Air temperature at ground surface near the marsh will also be recorded in
addition to standard weather bureau climatic measurement.
These data
will be subjected to correlation
analysis in an effort to evaluate the
necessity of adding or removing temperature recording stations.
Water chemistry will be determined quantitatively
each month for the
following ions:
bicarbonate,
boron, calcium, chloride,
flouride,
iodide,
iron, lithium, magnesium, nitrate,
phosphate, potassium, sodium, strontiuM,
and sulfate.
Total dissolved solids, specific conductivity,
and pH will
also be measured.
Other factors may be added if the need becomes apparent.
Dissolved oxygen will be monitored almost continuously in the main spring
pool and at frequent intervals
in the marsh, Correlation
analysis will be
used early in the program to attempt to reduce the number of chemical
analyses required.

4.4.2.3.5.

Biotic

factors

Bacteria are presently not covered in our research
proposal, although we recognize their importance and plan to include work
on them next year.
Net measurements of respiratory
activity
in the bottom
sediments will be measured.
Bell jars fitted to permit removal of samples
of water from immediately above the substrate will be used in light-dark
bottle measurements of oxygen changes in the water just above the bottom.
These measurements will be made monthly.
Net orimary productivity
of submerged aquat·ic vegetation
(including
plankton) will be determined frequently
(probably weekly) using diurnal
pulse techniques.
Gross primary productivity
will be calculated after
correcting
for the oxygen removal by organisms living in the system.
Primary productivity
of emergent aquatic and semiaquatic vegetation
is
the subject of a proposed process study.
Biomass estimates of Ceratophyllum in the main snring pond will be
determined monthly by removal and weighing all unrooted plants and
correcting
for the relative
proportion that is rooted.
Biomass of Ruppi~
will be estimated using square meter frames.
Invertebrate
biomass will be estimated monthly using are11l c.ollcctfon
devices.
Particular
effort will be expended on estimates of the more
abundant forms. Production rates will be determined using emergence trap~,
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age composition, and other direct or indirect
methods.
The existing
extensive_ checklist
of insects of the area will be refined as dat.9, permit.
Larval benthic forms can be estimated by bottom sampling, snails by placement of removable artificial
substrate,
mosquitoes and other surfacedwelling larval forms by using emergence traps.Fish biomass will be measured monthly by the use of mass marking
techniqu~s currently being developed for the species occurring there.
The mark will be either an immersion stain, a fluorescent
spray, or a
tattoo.
A length-int.
conversion currently
available will permit
estimat~sof
biomass based on known length distribution
(age composition)
and population size.
It is possible that a long-term mark will permit
direct measurement of mortality
rates.
Some data are available
on
temperature and oxygen tolerance and respiratory
rate of Cyprinodon
nevadensis.
Additional observational
data from field investigations
will
complement information developed in the lab.
Preserved sampleG of fish
will be used in process studies of reproduction
and food consumption.
Waterfowl will be subjected to standard censusing techniques.
Frequency of sampling will increase during the breeding season.
Impact
of waterfowl on the ecosystem will be determined through the use of stomach
analysis coupled with biomass estimates by species.
Frequent counts during
migration will provide data on removal of energy by transient
waterfowl.
Since relatively
large sections of the marsh are flooded seasonally,
small mammals occupying the bottom of the marsh during the dry season
provide a potentially
significant
organic contribution.
Population
estimates and growth of subsequent recaptured
animals will provide baseline data to be used for estimates of energy requirements and energy
recycling of small mammals. Proposed process studies will refine data
on production and energy relations.
Need for regular observations,
economy in purchasing major items of
recording equipment, distance from any university
campus, and security
against damage of equipment all provide apparent economic justification
for placing a caretaker~technician
at Saratoga Springs.
This person
would maintain the recording equipment and follow a prescribed schedule
of observations.
•
4.4.2.3.6.

Facilities

A UNLVwill provide laborato.ry facilities
and equipment
except for those items requested in the budget.
A Sigma 7 computer
and programming services are a'!ailable.
4.4.2.3.7.

Total Budget:

$59,074.

P-71
4.4.3,

4.4.3.-1
Validation

Studies

at Deep Canyon

The proposed validation
studies at Deep Canyon in the Philip L,
Boyd Desert Research Center near Palm Desert, California,
are described
in fuller detail in the Research Design.
This section summarizes the
proposed program of observations,
presents further details
on organization
of the project,
and provides budgetary information.
The validation
studies at the Deep Canyon site are aimed at a broad
description
of both terrestrial
and aqautic ecosystem dynamics.
Previous
research varried out in this wild reserve, particularly
on mammalian life
and the entomology of the general area, will contribute
greatly to the
progress of the program.
4.4.3.1.

Use of Land

Full cooperation
is assured from the Philip L. Boyd Desert Research
Center, which is owned by the University of California.
Approval for
the proposed project has been given by the Chairman of the Desert Research
Center, Dr. Rodolfo Ruibal.
4.4.3.2.

Facilities

Justification

Existing laboratory
facilities
of the Desert Research Center will
prove entirely
adequate for the validation
studies.
Power and water are
available
at the research laboratory.
There are also air-conditioned
living accommodations for four persons, and additional
living quarters
are available
at the nearby Deep Canyon Ranch.
Present communications are by radio-telephone,
which prevents simultaneous
conversation.
The inadequacies
of this system are such that a telephone
system -will need to be installed.Installatio-n
of telephone communications
will be the only facilities
needed.
4.4.3.3.

Site

Coordinator

Dr, Irwin Ting of the University
of California
will serve as site
coordinator
for the validation
studies.
He will be assisted
by Mr. Lloyd
Tevis of the Desert Research Center staff,
who is at the center on a daily
basis.
Mr. Tevis will therefore
be available
at all times to assist researcherf
with any problems that might arise.
He will also be in a position to
handle
any monitoring required of meteorological
equipment which is installed.
4.4.3.4.

Supervision_of

Validation_

Site Mo!}itoring

The vegetation
survey and subsequent records of seasonal changes
will be handled by Dr. Philip Miller,
Dr. Irwin P. Ting, Dr. George Gillet,
Dr. Frank Vasek, and Mr. Lloyd Tevis.
Responsible for the inventory and studies of vertebrate
life will
be Dr. V. H, Shoemaker, Dr. Rodolfo Ruibal, Dr, W.W. Mayhew, and Dr.
John Moore.
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Conducting the studies of invertebrates
will be Dr. Robert Gill,
Dr. E. B. Edney, Dr. Lars Carpelan, Dr. Irwin Newell, Dr. Kenneth Cooper,
Dr. Seymour Van Gundy, Dr. Ronald Mankau, and Mr. Saul Frommer.
Inventories
of nonvascular plants and subsequent monitoring during
the growing season will be handled by Dr. Peter Tsao and Dr. Victor Goodman.
Soil studies will be carried out by Dr. Lewis Stolzy, Dr. John Letey,
Dr. Leslie Weeks, and Dr. Nathaniel Coleman. Dr. Lewis Cohen will conduct
a geological survey.
Meteorological
data will be accumulated 'by Dr. Robert
Pease and Dr. Harry Bailey.
Supporting the program with s.tatistical
assistance
will be Dr. F.
N. David, who is chairman of the Department of Statistics
at UCR.
Dr. Paul T. Tueller, associate
professor of range ecology,. University
of Nevada, will direct an aerial photographic survey of the validation
site, employing large scale (1:600 to 1:6,000) 70 mm aerial imagery in
color and color infrared to provide data on a variety of vegetation and
soil surface features.
4.4.3.5.

Program of Observations

The terrestrial
site chosen is typical of the desert canyons of the
Deep Canyon Area, and comprises about 16 hectares immediately adjacent
to the Desert Research Center Laboratory.
The aquatic sites are a series
of pools located in Deep Canyon proper inm1ediately to the west of the
terrestrial
site.
There are approximately 50 pools in the lower reaches
of the canyon, supplied by intermittent
flow, and certain of these will
be selected as representative
for the aquatic validation
studies.
Terrestrial
Site Studies.--Both
micrometeorological
and hydrological
data will be collected
for the terrestrial
site, including information
on air and soil temperatures,
air movement, precipitation,
water losses
through run-off,
infiltration,
and evapotranspiration.
Data will be collected on soil morphology and soil physical properties.
In addition an analysis will be made of chemical properties
of the .soil
by horizon or decimeter increments.

A complete initial
inventory will be made at the start of the program
of the major dominant plants of the validation
site, followed by periodic
estimates of numbers and biomass during successive years and on a seasonal
basis.
Once initial
inventories
are completed, decisions will be made
on whether to survey individual
species of plants or conduct studies ptima~ily
of the two types of annual and herbaceous perennial plants, summer, and
winter.
The exact number of estimates to be conducted annually will be
determined during the first year of the program.
Studies of microflora will be undertaken, concentrating
on fungi, algae, and bryophytes.
These studies will include

primarily
both a. qu::ilitative

P-71

4.4.3.-3

and quantative
survey of fungal populations,
followed by a study of
survey and population
dynamics as affected by environmental
factors.
An inventory will be conducted of the vertebrate
populations
of the
validation
site and a surrounding area of l"square mi.le. This inventory
will include live trapping of mammals, periodic pit trapping of reptiles,
and conducting nesting censuses and periodic
estimates
of species and
numbers of birds.
A two-fold survey of insect fauna will be made, consisting
of a general
qualitative
inventory made on a continuous basis throughout the year in
the immediate environs of the site and a quantitative
study of abundance
for selected
insect species and their relationship
to specifk
habitats
and insect niches within the site,
It should be noted that no entomological
institute
in the world is believed to have as much data on compu-i::er tape
for a single site as already exists for the Deep Canyon area at th,.- University
of California,
Riverside.
More than 20,000 different
specimens, representir1g
744 species,
have been collected
since 1963 in the Deep Canyon area and
their identifications
have been recorded for use in a computer system
designed for data retrieval.
This information
will be invaluable
in working
on the insect fauna of the validation
site.
Soil samples will be taken at perio.du:~ int;.et:vals on the abundance
of nematodes on the site.
Microarthropods
will be extracted
from some
of these samples and sorted for prediction
of numbers and biomass.
A geological
survey of the area will be made as part of the initial
inventory.
In addition,
it is expected that the Institute
of Geophysics
and Planetary
Physics,
University
of California,
San Diego, will establish
a geophysical
laboratory
at Deep Canyon to conduct earth studies related
to earthquake
faults of the area.
These studies would contribute
valuable
supplementary
data to the Desert Biome project.
Ants are also being currently
studied by the Desert Research Institute,
Reno, Nevada, in the Deep Canyon area.
The results
of these studies should
provide useful background information
on these important consumers.
Because of the Statewide Air Pollution
Research Center is located
at the Riverside
campus of the University
of California,
it may prove
possible
to take advantage of this facility
and install
sophisticated
monitoring equipment for a study of air quality at the site.
It should
be noted that recent studies have shown the air pollution
from the Los
Angeles basin is already causing damage to certain
plants in many areas
of the Colorado Desert.
It should be stressed
that all collections
for the initial
inventory
will be made in such a way as to minimize faunal depletion
on the site.
Most estimates
will be made off the site from adjacent areas and extrapolat2c1
for the site.
Aquatic Sise Studies. ---Several representative
pools in the lower
reaches of Deep Canyon will be chosen for the aquatic studies.
Since
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three of these pools have already been subjected to chemical study, some
data is available
on the chemistry of the pools.
In addition,
considerable
data is already available
as a result of studies extending over several
years on the local populations
of toads and frogs.
Data also exists on
the flow and level of Deep Canyon stream in the area of the study pools
through records compiled by a gauging station maintained by the U.S.
G. S.

The choice of pools will be made on the basis
permanence, rate of flow, and position in relation
the season, such factors as temperature,
salinity,
energy, and inorganic ions will be monitored.

of variations
in morphometry,
to falls.
Throughout
amount of radiant

Species diversity
and changes in numbers of the producers in the
pools will be studied.
Comparisons will be made of the colonizing,
nonequilibrium species in temporary pools and the equilibrium
situation
in permanent
pools.
A sample pool will be scoured clean and then permitted to recolonize
to study the sequence or succession from one condition to another.
A study will be conducted of the life cycle and populations of·the
insect consumers of the pools.
Attention will be given to immigration
and emigration of insects and other organisms in terms of the recurring
need for repopulation
of the temporary pools.
In conjunction with study_ or benthic algae and associated
consumers,
an effort will be made to identify
the decomposers and estimate their
contribution
to energy flow in the pools.
Where possible,
effects of
decomposers on respiration
(the oxygen demand) will be estimated and species
will be identified.
Preliminary studies will determine whether detailed
investigation
will be carried out of such subjects as the breakdown of specific
substrates,
mineralization,
and the role of decomposers in biogeochemical cycles within
the pools.
It may prove pcssi.ble to conduct a cen!'us of the entire standing
crop of certain pouls by pumping them dry and sorting the material in
the pool.
Such data could be used to determine the energy content of
the pools.
Numerical determination
of plankton will be made by the inverted
microscope method.
The flux of organic matter
velocities
will also be studied

from pool to pool under various current
as a part of the input-output
problem.

Studies will also con~entrate
on measures of productivity
at various_
trophic levels and t!le r2.J_aticGs bet~-reen these levels,
Estimates of net
photosynthetic
productivity
will be made from measurements of daily maximum
and minimum concentrations
of dissolved oxygen and components of the carbonic
acid system.
4.4.3.6,

Total

Budget:

$208,356
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4.4,4.-1
Validation

Studies

at Jornada,

New Mexico

The site and observational
procedures have been fully described in
the Research Design (Section 11.3.6.) and the personnel were listed there.
Studies on the playa have been in progress during 1970, and in 1971 it
it proposed to extend the study to cover both the terrestrial
area on
the University Ranch, and the area on the Jornada Experimental Range which
is to be subjected to shrub-clearing.
A full-scale
meteorological
station
as described in Section 11.2. of the Research Design, will be established
during 1971.

4.4.4,1.

Personnel

During the early planning work at the Jornada site, Dr. W. A. Dick-Peddie
acted as Site Coordinator.
At the beginning of 1969, he resigned this
position in favor of his colleague,
Dr. Walter Whitford, who is prepared
to continue to take this responsibility
as the project gets under way.
Dr. Whitford will also be responsible
for a part of the animal inventory
work involved in the project,
but in view of his other responsibilities,
a third senior zoologist will be asked to collaborate
during the summer
months.
Responsibility
for recording the initial
inventory
monitoring of particular
aspects of the ecosystems will
as follows:

4.4.4.1.1.

and subsequent
be distributed

Vegetation:

Dr. John Ludwig will direct the inventory of perennial plants and
grasses.
Dr. William A. Dick-Peddie will direct the inventory of annual
plants.
Drs. Gary Cunningham, Richard Spellenberg,
and Rex Pieper of
New Mexico State University,
Dr. Carlton Herbel of the U.S. D. A., and Dr.
C. Edward Freeman of the University
of Texas at El Paso will be available
to consult and assist in this work. One graduate student (half-time during
the academic year, full-time
during the summer) and an undergraduate
assistant
will be engaged in the vegetation
survey.
Two additional
graduate students
will be employed for the summer only.
The aerial survey described in 4.3.2. above will be used to obtain
cover and density data for shrub species.
Composition, density,
and phenology
of herbaceous species will be monitored on permanent plots.
Estimates
of productivity
will be obtained by harvesting.
Caloric content of plants
and plant parts will also be determined.
4.4.4.1.2.

Arthropods:

Sampling of arthropods will be directed by James R. Zimmerman of
New Mexico State University.
Drs. Walter Whitford, Gordon Watts, Joseph
Ellington of New Mexico State University,
and Dr. Clifford Crawford of
the University of New Mexico will assist and consult on this portion of
the project.
One graduate student (half-time during the academic year,
full-time
during the summer) and an undergraduate
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assistant
assistants

will work on this project.
Two additional
will be employed for the sunnner.

Inventory of arthropods will be made
season.
Sampling techniques will include
sweep netting.
Sampling will be conducted
plant species and surveying insect species
Estimates of insect damage to plant parts
practical.
4.4.4.1.3.

graduate

throughout the growing
use of pit-can traps and
by selecting
important
associated with them.
will be made when

Vertebrates:

Inventories
of mammals, birds,
by Dr. Ralph J. Raitt of New Mexico
Whitford, Charles Davis, and Volney
supervision
of this inventory.
One
during the academic year, full-time
undergraduate
student (summer only)

and reptiles
will be supervised
State University.
Drs. Walter
W. Howard will assist in the
graduate student (half-time
during the summer) and one
will assist.

Inventories
of small mammals will be made at least three times
each year, i.e.,
pre-reproductive
period, reproductive
period, and
post-reproductive
period, using mark-recapture
techniques.
Estimates
of biomass, reproductive potential,
etc. will be made by trapping
on areas adjacent to the study site.
Inventories
of dominant reptiles
will be made on gridded areas
using mark-recapture
techniques.
Destructive
sampling is necessary
for biomass estimates of composition, density, natality
and mortality
and seasonal fluctuations
in these parameters.
Standard censusing
techniques will be used.
4.4.4.1.4.

Soil Microbiology:

Drs. Eugene Staffeldt
and Robert T. O'Brien of New Mexico State
University will conduct the inventory of soil microorganisms.
They
will be assisted by two graduate students (one half-time during the
academic year, full-time
during the summer and another during the
summer only) and two undergraduate
students.
Composition and
activity
of soil micro-flora
will be estimated by dilution-plate
techniques plus other suitable
techniques for estimating activity
under aero~ic and anaerobic conditions.
4.4.4.1.5.

Soils:

Drs. Peter Wierenga and Arthur Wollum of New Mexico State
University will supervise the inventory of soils on the study site.
This wort will include soil mapping, chemical and physical profiles
and nutrient content of soils.
Two half-time graduate students will

assist.
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Manipulative

Studies:

Studies in the manipulated area on the Jornada Experimental Range
will be directed by Dr. Carlton Herbel of the Agricultural
Research
Service.
He will be assisted in this work by Drs. Rex Pieper and Walter
Gould, and personnel involved in monitoring of the untreated area on the
University Ranch.
4.4.4.1.7.

Playa Studies

- terrestrial~

The productivity
measurements on the dry playa will be directed
by Dr. Walter Whitford assisted by Drs. John Ludwig, Gary Cunningham,
Ralph Raitt, and James Zimmerman. They will be assisted by two halftime research assistants
and an additional
assistant
in the summer,
4.4.4.1.8.

Playa Studies

- aquatic:

The playa studies during the flooded phase will be conducted by
personnel of Texas Tech University,
including Drs. George Mennagham,
Charles Ward, Ellis Huddleston, and Donald Ashdown, and assisted
by Dr. Halter Whitford of N. M. S. U. to provide continuity and coordination
between studies on the dry and flooded playa.
4.4.4.2.

Total Budget:
$199,803" ~
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4.4.5.-1
Validation

Studies

at Pine Valley,

Utah

The proposed validation
studies at Pine Valley have been described
in the Research Design.
The present section gives further details,
together with budgetary information.
It should be emphasized that
Pine Valley is more remote than any of the other proposed sites,
which implies a need for more capital
expenditure
for facilities
on the spot.
4.4.5.1.

Use of Land

Full cooperation
is assured from the Forest Service, the agency
controlling
the Milford Desert Experimental Range. A formal Memorandum
of Agreement for use of the land required for IBP purposes is under
discussion.
4.4.5.2.

Facilities

JustificatiQn

4.4.5.2.1.
Power generator.
The Pine Valley site is
removed by over 56 km from power lines.
Power needs for the
U. S. Forest Service station
are now supplied by a one-cylinder
diesel-powered
generator.
Increased power needs and demands for
assured power associated
with IBP activities
necessitate
a second
power unit.
4.4.5.2.2.
Water Supply.
At the Milford Desert Experimental
Range, water is pumped from a 211 m deep well.
To insure water
requirements
by IBP programs, an additional
storage tank will be
required.
4.4.5.2.3.
Laboratory facilities.
Existing laboratory
facilities
are entirely
inadequate for the scope of work anticipated
in conjunction with this proposal.
A large (6 x 9 m) storage
shed which is very sturdily
built can be remodelled to provide
adequate laboratory
space and basic features
such as fume hoods, sinks
cabinets,
etc.
4.4.5.2.4.
Living facilities.
The central shower and
laundry facilities
will be needed to care for the influx of workers.
Concrete trailer
pads for the two trailers
will provide clean,
sanitary
locations
where trailers
can be coupled to sewage, electrical,
and culinary water lines.
The pads will make living conditions
more
healthful
and convenient in both summer and winter.
The trailers
are
required for housing of personnel who inventory the validation
site
and conduct individual
analytic
studies which support the Desert
Biome project.
One trailer
will have 4 bunks with a private sleeping unit
having a table, bunk, wash basin and toilet.
This is intended as
quarters
for single workers.
The house trailer
will have kitchen,
bedroom and bath facilities.
It is intended as quarters for the
caretaker
and his family.
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Site Coordinator

Dr. Kimball T. Harper of the University of Utah and Dr. Joseph
R. Murdock of Brigham Young University handled initial
arrangements
for the Pine Valley site, in consultation
with Dr. James .Blaisdell
and Dr. Selar s. Hutchings representing
the Forest Service~ As
the work gets under way, it is envisaged that effective
coordination
will call for the attention
of a senior faculty member who can
devote two-thirds of his time to this task.
Dr. Clive Jorgensen·,
of Brigham Young University,
has accepted this responsibility.

4.4.5.4.

Supervision

4.4.5.4.1.

of Validation

Site Monitorit1;g

Arthropods

The following persons have declared their willingness
to
serve as consultants
for the arthropod studies:
·norald M. Allred,
Clive D. Jorgensen, and Stephen L. Wood; all are faculty members at
Brigham Young University.
Dorald M. Allred and Stephen L. Woodwill
assume responsibilitv
for seeing the work through to completion.
Inventories
of the soil arthropods will be made on a
continuous basis during the growing season.
Pit-can traps will be
used along with Cryptozoan boards.
These traps will be open
continuously and checked on from two to seven day intervals.
Specimens
necessary for a species inventory will be collected from similar
traps outside of the validation
sites.
All specimens collected from
inside the validation
sites themselves will be released unless it is
absolutely necessary to retain them. Methods for estimating densities
have not yet been developed satisfactorily,
and this work will be done
outside of the manipulation sites.
Indexes with determined confidences
will be developed, from which the trap data can be interpreted.
Inventories
of the free-living
mites (largely phytophagous)
of the principal plant species at the Pine Valley Site will be made
once each month during the growing season.
The numbers will be
determined on the basis of dry-weight quantity of plant material.
Species inventories
will necessarily
precede the analytical
work.
Free-living
mites in the soil and litter
surrounding the plants will
also be taken and the numbers determined.
The monthly inventories
will
be conducted, for the most part, on the validation
sites since little
material will actually be removed, and it will be measured .to provide
a constant record of what is removed from each site.
Some work wil1
be conducted to estimate their position as herbivores and their
potential
impact on the energy produced by their respective hosts.
Inventory of other insects will be conducted by initially
selecting
the 20 (or more) most important range plants at Pine Valley.
The insect species associated with each will be tabulated to determine
the following
•
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insect

species.

species

occurs

The host range or food requirements

4.4.5.4.1,2.
The area on the host plant
and its position in a food chain.

of each

where each insect

4.4.5.4.1.3.
An estimate of the abundance of relevant
species, determined by random samples taken at regular intervals
throughout the season of activity
or of availability
of the host plant.
plant
plant

4.4.5.4.1.4,
Where practical,
estimates will be made of
damage to leaves, stems, seeds, etc.; for the more significant
species, by estimates made from randomly selected plant parts.

to determine

4. 4. 5. 4 .1. 5. The above will include
periods of flight,.migration,
or other

aerial samples,
activity.

etc. ,

Estimates of populations
of foraging insects and other species not
associated
with definite
h.osts will be made by counting those present
in randomly selected square meter plots.
This study will be correlated
with studies on the food habits of insectivorous
reptiles
and possibly
of birds or other organisms.
4.4.5.4.2.

Reptiles

Harold F. Hirth, University of Utah and Wilmer W. Tanner
of Brigham Young University will ser.ve as advisors for reptile
inventories.
Dr. Tanner is willing to assume responsibility
for the work.
Inventories
of selected S?ecies of reptiles
will be made
each week during the first year.
Pit-can traps will be used on
quadrats to aid in the capture-recapture
program.
To ensure a complete
or nearly complete capture of the population,
a noose will also be used
in the capture program.
All specimens taken within the intensive
study sites will be marked for future identification
(toe-clip
lizards
or scale-clip
snakes) and released.
The capture-recapture
method of
data gathering will ·permit the development of an ..analytical
method of
data examination.
Such data will be recorded on field data sheets
prepared for rapid transfer
on to IBM cards.
Individual
sacrificed
for food habit and reproductive
cycle (gonadal) studies will be
taken from similar habitat areas but far enough removed to not interfere
in any way with the marked populations.
4.4.5.4.3.

Birds

Drs. Herbert H. Frost and Joseph R. Murphy of Brigham
Young University are willing to serve as advisors for avian inventories.
Dr. Murphy will assume direct responsibility
for the work.
An inventory of the birds of the intensive
site at Pine Valley
will include age and sex classes,
seasonal fluctuations,
natality
and
mortality
rates, population density,
and parasite
load.
These data will
be gathered by utilizing
techniques as follows:
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validation
specimens

On the validation

study areas:

4.4.5.4.3.1.1.

censusing

4.4.5.4.3.1.2.

mist netting

4.4.5.4.3.2.
study areas:

in selected

habitats;

and banding where applicable

In Pine Valley habitats

comparable

4.4.5.4.3.2.1.
mist netting and shooting
for identification
and ectoparasite
studies
4.4.5.4.3.2.2.
4.4.5.4.4.

hatch

ratio

and fledgling

to the
to obtain
success.

Mammals

Ors. H. Duane Smith and Clive D. Jorgensen of Brigham Young University
and Dr. Harold F. Hirth of University
of Utah have volunteered
to assist
in designing an inventory program for mammals. Dr. Jorgensen is willing
to be responsible
for day-to-day duties associated
with the inventory.
Inventories
of the principal
small mammals (Dipodomys, Perognathus
and P~romyscus) will be made three times each year; one in the pre-reproductive
oeriod, another during the reproductive
period, and the third following
the reproductive
period.
Each inventory will be reduced to a biomass estimate
on each of the four manipulations.
They will, of course, include as precise
an estimate as possible of sex ratios,
age classes and density;
all of
which are essential
demographic data.
Inventories
on the manipulation
sites will be limited to capture-recapture
methods of data gathering and
appropriate
proportional
index or probably incidence analytical
methods.
Necessary parameters for good biomass estimates which will require much
more intensive
handling of specimens (sometimes killing
them) will be determined
outisde of the manipulation
sites.
These studies outside of the manipulation
sites will include a number of variables
such as home range, dispersion,
age determination
methods, parasites,
morphological
and weight measurements,
reproductive
activity,
community association,
etc.
In as much as a small-mammal inventory will be made with attention
given to age structure
and sex ratio,
it will be of some value to attempt
to correlate
these data with flea indices for each species of small mammals.
Such data may be utilized
as:
4.4.5.4.4.1.

An index of mammal species

4.4.5.4.4.2.

As a factor

4.4.5.4.4.3.

As an index of ecological

in habitat

interaction;

selectivity

of host

mammals;
vagility.

Only those mammals trapped outside the validation
study site will
be sacrificed
and their fleas removed. Fleas will be prepared for study
in 'accordance with accepted procedures and identified.
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Plants

Vegetation studies will be performed in association
with the aerial
survey described in 4.3.9. above. Ground-level observations,
including
root and top biomass production and plant chemistry, will be organized
by Dr. Joseph R. Murdock of Brigham Young University,
in association
with
Drs. Stanley L. Welsh and J. R. Vallentine
of the same institution,
and
Dr. Kimball T. Harper of the University of Utah.
This aspect
site

of the study will

include

the following:

A detailed
inventory of all vascular plants on the validation
will be made, based upon the aerial survey (4.3.2. above).
4.4.5.4.5.1.
Vegetation
and soil characteristics.

to microrelief

4.4.5.4.5.2.

types will

Permanent study plots

study

be mapped in relation
will

be established.

4.4.5.4.5.3.
Plant cov~r, annual production,
community
composition,
and trend will be determined in a minimum of one hundred
study plots of 9m2 area located close to, but outside,
the validation
study
area.
These studies will be run three times per growing season.
be correlated
determined

4.4.5.4.5.4.
with selected
three

4.4.5.4.5.5.
Chemical composition
times per growing season.

4.4.5.4.6.
direct

Flowering, fruiting,
environmental factors.

of plant

growth will
parts

will

be

Soil Microbiology

Dr. Raymond Farnsworth
decomposer and other

of Brigham Young University
soil microbial studies.

Soil respiration
rates, nutrient
as related
to environmental variation
4.4.5.4.7.

and active

will

design and

cycling studies,
and microbial
will be conducted.

activities

Soils

Dr. Raymond Farnsworth and J. R. Murdock of Brigham Young University
and Kimball T. Harper of University
of Utah will design the soil monitoring
program.
Dr. Murdock will supervise the work. A soil map will be prepa~ed
for the validation
site, characteristic
profiles
will be described in both
physical and chemical terms, and nutrient
availability
in the surface horizon
will be correlated
with climatic events.
4.4.5.4.8.

Meteorology

Dr. Lionel G. Klikoff of University
of Utah and Dr. J. R. Murdock
of Brigham Young University will supervise collection
of meteorological
data at the site.
They will supervise compilation and analysis of the
data and coordinate attempts of biologists
working with various groups
of orgamisms to interpret
organismal response in terms of climate.
4.3.5.5.

Total

Budget:

$'180',9:27, •
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4.4.6.-1
Inventory
4.4.6.1.

of the Biota of Sycamore Creek, Maricopa CoJnty, Arizona

Introduction

No data are presently available
on the ecological workings of small,
intermittent
to temporary streams of the Sonoran Desert.
This desert is
principally
exorheic, and many drainaP,e channels wind from mountains onto
its floor, carrying water that sinks into the typically-deep
valley fills
or is evaporated.
In a few areas, dikes or other obstructions
force water
to the surface in canyons or elsewhere, and short reaches of live water
persist
throughout the year.
Temporary stretches
of such channels are
characterized
by poµulation explosions of plants and animals in periods
of flow, usually after winter snow-melt or summer rains, and support a
fauna and flora rich in numbers of individuals
but relatively
poor in species.
Permanent or intermittent
segments of the same watercourses
have a small
component of permanent residents
that is subjected to tremendous variation
in physical,
chemical, and biological
environment.
This proposes an inventory of the biota of temporary and permanent
reaches of Sycamore Creek, Maricope County, Arizona, through a year and
in relation
to the Physico-chemical
environment that prevails.
The massive
variation,
year-to-year,
in the Sonoran Desert minimizes the possibility
of broad generalizations
being derived; however, considerable
insight may
certainly
be obtained into the species present,
their life cycles, standing
crops, production,
and colonization.
The biotic inventory will provide valuable lead-time data for the
validation
study described in the Research Design.
In addition,
it will
make possible early comparisons with Deep Creek in the Great Basin, where
a validation
study has been started in 1970, There is reason to hope that
this will facilitate
generalization
of the model developed for Deep Creek
to flowing waters in the deserts generally.
4.4.6.2.

Description

of the Study Area

Descriptions
of the study area, the prior research that has been done,
and other features of the region, will be found in the Research Design
(Section 11.3.8.).
4.4.6.3.

Sampling Procedures

Sampling of the biota will be done in standard ways, commensurate with local conditions_
so that data obtained in this study will be
directly
comparable to other such research.
The stream is quite small,
during drought and even during normal summer conditions,
so that total biomass may be obtained simply and directly
in selected reaches.
Underflow is
quite pronounced in many sections of the channel, so "artificial"
channels
may be dug to study colonization
and production directly
in the stream.
No constant monitoring is anticipated,
exceot for discharge which is
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available
from the U.S. Geological Survey; houever, some short-term
(diel)
studies will be made of selected physico-chemical
parameters,
such as dissolved
oxygen, temperature,
and perhaps nutrients
such as phosphates and nitrates.
4.4.6.4.

Personnel

and Reporting

Procedure

The project will be directed by Dr. W. L. Minckley, Department of
Zoology, Arizona State University.
It is hoped to engage a qualified
person
on a full-time
basis to take responsibility
for the bulk of the field collection
and recording.
Additional assistance
will be obtained from a graduate
research assistant,
who will most likely be able to use data obtained for
a thesis toward his advanced deeree.
4.4.6.5.

Total Budget:
$29,441
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4.4.7.-1
Validation
4.4.7.1.

Studies,

Tucson, Arizona

Introduction

Validation studies will be conducted in two areas near Tucson: the
Santa Rita Experimental Range, and an area east of the town of Silver Bell.
The studies,
begun in 1970, are described in the revised Research Design
accompanying this proposal.
The Silver Bell site has replaced that in
the Saguaro National Monument described in the Research Design of 1969.
Senior personnel involved in studies on both sites are listed in the
1970 Research Design.
John Thames, Site Coordinator and Gene Penick, Associate,
are responsible
for the validation
studies at Tucson. These include coordinatio
of inventories,
development of site facilities,
installation
and operation
of the meteorological
station and execution of vegetation manipulation
and grazing treatments.
The Structure of Ecosystems program also has operations
in progress
in the vicinity
of Silver Bell; arrangements are being made for cooperation
and for sharing of data where appropriate.
4.4.7.2.

Use of Land

A contract,
(number 12-11-332-58) has been negotiated with the U.
S. Forest Service for use of the Santa Rita site.
A similar agreement
is being negotiated with the Bureau of Land Management for use of the area
on the Silver Bell site.
4.4.7.3.

Facility

Development

4.4.7.3.1.
Santa Rita Site.
The facilities
on this site are
being developed in accordance with the Research Design.
Fencing, vegetation
manipulation,
introduction
of cattle,
and installation
of the meteorological
station are scheduled for completion by August 15, 1970.
4.4.7.3.2.
Silverbell
Site.
Facility
development will be under
the direction
of the site coordinator.
Two areas of about 100 hectares
each are being fenced to exclude grazing.
One area is being treated as
described below, and the other are to be left undisturbed
as control.
Sufficient
area adjacent to the study sites has been reserved for destructive
samplini.
Power and telephone service are available
on the southern boundary
of the study area.
They will be connected with a meteorological
station,
to be located in the center of the control plot, by a simple underground
installation.
Data from the station will be telemetered over the phone
line to a central processing station on campus.
4.4.7.4.

Manipulations

The four treatments described in the 1969 Desert Biome Research Design
for the Santa Rita site have been initiated.
Shrubs will be selectively
removed from this plot while the other is left untreated.
The treatment
proposed for the Silverbell
site will be applied during the summer of 1970
to one plot of about 100 hectares.
Grazing will be excluded on both piots.
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The manipulation
treatment will involve one-time, hand rernovel of
major plant dominants at ground level; no subsequent treatment.
Four species
will be removed; two shrub dominants (Larrea and Franseria)
and two tree
dominants (Cercidium and Olneya).
Although the shrubs Larrea and Franseria
may have higher coverage values at the site,
the small desert trees may
exert a greater influ,.mce on the community dynamics.
Both desert trees,
C. microphyllum and O. tesota,
are canable of significantly
modifying the
incoming and outgoing radiation
flux at.ground level to about one-half
during certain months.
They exert a similar effect on the net outgoing
long-wave radiation
at night.
In addition to modifying the radiation
flux,
these species provide important mechanical support and general protective
cover for a large number of organisms in the community, both plant and
animal.
4.4.7.5.

Inventories

The types of record
in the Research Design.
indicated below.

and Input-Output

Studies

to be made in the study areas have been described
The distribution
of responsibility
for them is

4.4.7.5.1.
Meteorology.
Installation
of the meteorological
station will be under the supervision
of John L. Thames. Installations
will be completed for the Santa Rita site in August 1970. The Silverbell
statfon will be installed
early in 1971. All meteorological
data will
be telemetered
to a central laboratory
on the University
of Arizona campus.
The communication link to the Santa Rita site will be line of site VHF.
That to the Silverbell
site will be via telephone line.
The field installations
will be interfaced
at the central station with a small dedicated computer.
The central
at various
change.

station

will

perform

the following

functions:

4.4.7.5.1.1.
Automatically
interrogate
the remote station·
programmable intervals
or according to the rate a variable may
4.4.7.5.1.2.

Format all

incoming data into

4.4.7.5.1.3.

Perform preliminary-data

engineering

terms.

the central

4.4.7.5.1.4.
location.

4.4.7.5.1.5.
bit per inch magnetic
ta?e
-processing.
4.4. 7 .5. 1.6.

Accept other

reduction.

data which may be encoded at

Prepare a computer compatible
of all received data for further
Verify

all

(CDC 6400) 800
automatic data

incoming data accuracy

and/or

calibration.

4.4.7.-3

P-71

4.4.7.5.2.
Soils and Soil Microorganisms.
The stuHes on both
the Santa Rita and Silverbell
sites will be combined under the supervision
of Wallace H. Fuller,
Head of the Department of Agricultural
Chemistry
and Soils, University
of Arizona.
He will be assisted
by David M. Hendricks,
for soils,
and Neil MacGregor, for soil micro-organisms.
They will be
assisted
by a postdoctoral
research associate,
Michael L'Annunziata,
and
a graduate student employed half-time
during the academic year and full-time
in summer.
A detailed
map of the five study areas will be prepared;
for each
of the soils types forming 2% or more of any one study area the following
observations
will be made:

4.4.7.5.2.1.
Soil morphology.
Physical properties
by horizon
or by small increments
(e.g.,
one decimeter)
to include mechanical analysis,
bulk density,
particle
density,
and moisture retention
characteristics,
including moisture retention
curves, moisture equivalent,
hydraulic
conductivity
heat conductivity,
permeability
and pore space.
(Hendricks, Qashu).
Chemical properties
by horizon or decimeter increments to include
carbonates,
organic carbon, total nitrogen,
cation exchange capati~y,
exchangeab
cations (Ca, Mg, K, Na) phosphorui_:-,, pH, and trace elements.
(Hendricks).
Mineralogical
properties
by horizon or decimeter
identification
of clay minerals and their abundance.

increments to include
(Hendricks).

4.4.7.5.2.2.
Soil Micro-organisms.
Records of nitrogen
fixation
rate, nitrification
rate, and other types of activity
of soil
mi_cro-organisms will be obtained for each of the major horizona os each
smil type present in the study area.
(MacGregor).
4.4.7.5.3.
Vegetation.
Eernest Fish, an ecologist
and photogrammetri
will direct the validation
studies for vegetation,
assisted
by Eugene Penic~,
Associate Site Coordinator.
A graduate student will be employed half-time
during the academic year and full time in the summer to aid in field data
collection.
Perennial
The ephemerals
time permits.

plant species will continue to be the primary plants studied.
(annuals) will receive secondary attention
only as project

Field data will be transferred
from the record form to computer cards
and/or magnetic tapes and will be made available
to other investigators
as the project nroceeds.
A general experimental
design will be used in the field for optimum
coordination
among all investigators.
There, as investigators
at the valid2ti0n
study sites exchange on-site
information,
sampling design modification
and amplification
will
he carried out during initial
phases of work.

4.4.7.-4

P-71

During the first year (1970), emphasis is on the vegetation
composition
and structure
of the Santa Rita Biome Site.
Special reference is being
made to:
4.4.7.5.3.1.

density

4.4.7.5.3.2.

biomass

4.4.7.5.3.3.

coverage

During the coming year, emphasis will be on the Silverbell
Bajada
Site.
We ¥ill also examine some of the phenological aspects in populations
of selected dominant and other characteristic
snecies at both sites.
Further
study will also be done on the biomass of underground plant parts in these
communities.
Phytocommunity analyses through aerial remote sensing will be accomplished
through the remote sensing project at Reno. Periodic flights
by the Reno
group are essential
to the vegetation
studies at the Tucson sites.
4.4.7.5.4.
Animals.
The animal inventory and input-output
studies
will be under the leadership
of four principal
scientists:
B. Lendell
Cockrum, Department of Biological Sciences, University
of Arizona--mammals;
Stephen M. Russell, Department of Biological
Sciences, University of Arizona-birds; Charles H. Lowe, Department of Biological
Sciences, University of
Arizona--reptiles;
Floyd G. Werner, Department of Entomology, University
of Arizona--invertebrates
and soil arthropods.
Coctrum and Russell, who are on academic-year appointments, will serve
without additional
compensation during the academic year, and each will
spend 6 weeks to two months during the summer season full-time
chargeable
to IBP funds.
Each will supervise the efforts
of a half-time graduate
assistant
during the summer months.
Floyd Werner is on
will be charged against
assistant.
He will also
working half-time
during

a fiscal-year
appointment, and none of his salary
IBP funds.
He will be assisted
by a postdoctoral
supervise the activities
of a graduate assistant
the academic year and full-time
in summer.

Charles Lowe of Biological
Sciences, assisted by William N. Woodin,
Director of the Arizona-Sonora Museum, serving as consultant,
will supervise
a graduate student working half-time during the academic year and full-time
in summer. Lowe's and Woodin's time will be contributed.
Hudson G. Reynolds,
Rocky Mountain Forest and Range Experimental Station,
Tempe, will serve
as consultant
for carnivores.
S. C. Martin and D. Cable will supervise the recording of movements
and weight changes in domestic livestock
on the Santa Rita site.
4.3.7.6.

Total Budget:

$131,854.
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5.1.-1
5.

5 .1.

Process

Studies

General
5.1.1.

Rationale

for Selection

of Projects

As stated previously,
the most basic research goal of the Desert Biome
is simulation of the dynamic functioning
of desert ecosystems; and more
exµlicitly,
the simulation of energy, carbon, nitrogen,
phosphorus,
and water flow through the system.
This flow can be abstractly
conceived
as a complex of interconnected
events--herein
termed processes--which
together
effect the flow or change in state of energy and material.
Processes are
both abiotic--the
physical events of meteorological,
hydrological,
and
soil functioning--and
the biological
activities
of plants,
animals, and
micro~organisms.
It is- the collection
of equations· expressing the rate
at which all of these processes go on under the varying conditions affecting
them, combined into~ massive-computer program, which will constitute
the
model for which we are striving.
We have, in the course of developing the Research Design, and of
Biome specialists'
meetings during the las,t .year, developed a preliminary
list of biotic and abiotic processes which <lppear, on the b_asis of existing
knowledge, to be largely responsible
for -the movement of energy and materials
through the system.
If funds were unlimited and we could aspire to absolute,
predictive
precision
for the entire desert region of the United States,
we would study these processes in every ·species within that region (in
the case of biotic processes),
and in every topographic,
soil, and climatic
sub-system (in the case of the abiotic processes).
Practical
considerations,
however, limit the geographical
extent of the program, as discussed above
(4.1.2.)
and these same considerations
prevent us from carrying out process
studies on all of the myriad species of organisms found within the desert
region.
Two considerations
help delinit
the list of species for which we need
to mount process studies,
and provide guidelines
for their selection.
The first
is a limitation
to species occurring on the validation
sites.
Model-building
will depend on constant feed-back--from
process studies
to modeling therefrom, model test;ng (validation),
model and process-study
refinement,
and testing again.
SLnce validation
will occur only on the
sites programmed for that purpose, models including species not found on
those sites can never be tested, and would be of uncertain validity.
Hence
process studies on species not found on the validation
sites would not
contribute
to the immediate Biome objectives.
The second consideration
which helps delimit the list of species to
be studies derives from the struct:1re of natural oommunities.
Most comniunitJ.es
are made up of a limited number of very abunda1;1t species and a large numb_ei
of relatively
infrequent
or rare ones; the latter
will have an appr.eciable
effect on the dynamics of the whole system only in so fat: a·f!,ttiey' eiert;
a disproportionate
influence on one of the more 0£. t1fe'·--a:'Stind~~f
'c-or.i.s.tifoe.nts.
Most of the energy and material flo,.., is accomtrlf$hed'\'?Y :·tv-~(:'~n{~11
_:Jiuni'bet• •
of abundant species.
Studies and models> ~an''-~ccorcl°lrigly.be 'b·astid. upon
these abundant species as a f.il.-St· appto:i:cimaHon!'without
too much sacrifice
of reality.
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A further set of guidelines
derive$. from the recommendations of an
ad hoc panel appointed to provide this assistance
in 1969. The panel recommended
that first attention
be given to plant and herbivore studies,
and to micro-organism processes involved in nitrogen flow.
In accordance with these guidelines,
the great majority of process studies herein proposed are based on species
which are abundant on one or more of the validation-sites
described in
this proposal; and are concerned with plants, herbivores,
or nitrogen microorganisms.
A few abiotic studies involving obviously important energy,
soil, and hydrologic _processes are also included.
5.1.2.

Procedure'for

Selection

of 1970 Projects

P~oposals for process·studies
were developed.according
to the procedure
set out. in the Research Design (Section 12). On January 20, 1970 a circular
was sent. to the whole Biome mailing list,
inviting proposals to cover particular
specified
subject-matter;
this circular
is reproduced as an Appendix (Section
7.1.),
The proposals submitted were examined by the Process Study Coordinators,
and those which appeared likely to answer the questions posed were submitted
to a Review ,P~nel.
The terms of reference for these Review Panels are.
also included as an Appendix (Section 7.1.).
Reports from the Panels were discussed by the Process Study Coordinators
with the·_J;Uome Director and Deputy D:;f.rector, and as a result a more limited
list,. of_ proposals was selected.
These were then discussed between the
investigator
and Process Study Coordinator in question, and one or two
members of the Review Panel, with the purpose of improiing their material
and presentation,
and ensuring their effective
integration
with the rest
of the Biome Program.
The effective
development of the process study proposals has depended
very considerably
on the evaluations
and advice offered by the members
of the Review Panels, many of whom are not personally
involved in the Desert
Biome prog!am at all; it seems appropriate
to take this opportunity
to
express our deep·appreciation
to them.
_'.fhe ind_ividual :process .studies are described seriatim' irt the following
pages; e~ch project destription
includes an overall budget figure, but
budget details
for the various projects
are combined in a separate volume.

•
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5.2.

5. 2 .1.

Plant

Studies

General

As described
in the preceding section,
the plant process studies herein
proposed ase based on species important on one or more of the validation
sites,
and upon the list of processes originally
detailed
in the Research
Design (section
12.2.3.) and subsequently
amended at the Plant Specialists'
Meeting held in Las Vegas, Nevada in January, 1970. These ·processes,
which
appear to be the important ones involved in the movement, or change in
stat~~ of energy and materials
are:

5.2.1.1.
Water stress as a function of root concentration
forces in different
soils zones, wind, and saturation

retaining

and waterdeficit.

5.2.1.2.
Net photosynthesis
as a function of water stress,
temperarm.e,
air pollution,
mineral nutrition,
disease,
seasonal changes in morphology,
and stage of development of the photosynthetic
organs.
Accumulation and
use of reserves.
5.2.1.3.
Growth of aerial vegetative
organs as a function of water
temperature,
net photosynthesis,
and disease.
Effect of loss or

stress,
organs.

5.2.1.4.

Litter

fall

as a function

of meteorological

conditions

and

disease.

5.2.1.5.
Root growth as a function
net photosynthesis
and soil temperature;

of soil
effects

5.2.1.6.
Nutrient uptake as a function
and water-retaining
forces in different
soil
5.2.1.7.
accumulated

moi.sture-retaining
of root disease.

of root and nutrient
horizons.

forces,
concentration,

Flowering and fruiting
as a function of growth history,
assimilate,
radiation,
temperature,
and water stress.

5.2.1.8.
Seed germination
and seedling establishment
as a function
of soil surface conditions,
soil moisture,
soil and air temperature and
atmospheric humidity.
The projects
herewith proposed constitute
only a portion of the plant
process studies which eventually
will be needed, because they do not address
all of the eight plant processes provisionally
deemed importartt, nor do
they include all of tht important species which ultimately
will need study.
One could summarize the total need for plant process studies by constructicg
a matrix with the eight processes listed above on the horizontal
axis,
and the list of species important on the validation
sites 6n.-the vertical
axis.
Each cell of the matrix would then represent
a needed research proje~t.
The studies herein proposed could be blacked out in the matrix, and their
contribution
to the total need easily visualized.

5.2.1.-2
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We have not constructed
such a matrix as yet because our species
list is not yet firm.
The list will only be relatively
certain when we
have conducted the initial
inventories
on the validation
s.ites. • By the
same token, our list of processes is somewhat provisional
and may be modified
as insights on the problem develop from the modeling effort.
Nevertheless
it is quite clear that the limited range of process studies
described in the following pages will make a valuable contribution
to the
whole program, for the species are all abundant at one or more of the validation
sites,
and the pro·cesses to be studied are important in determining the
productivity
of the species and hence its interaction
with other sub-systems.
Proposals for
from the proposal
actually initiated
invitations
issued

process studies on plants were in part carried over
submitted in 1969, ·or continued from the limited program
in 1970; in part they were developed as a result of
in January 1970 (see Appendix 7.1.).

Following review, a total of fifteen
plant process studies have been
incorporated
in this proposal for 1971. They are listed below, and details.
of each will be found in the Sub~section indicated:
Phenology and Function of Sonoran Desert Annuals in
Relation to Environmental Changes ................................

5.2.2.

Productivity

5.2.3.

and Water Stress

Autecological
Studies
lanata, and Artemisia
Biomass and Nutrient

in Cacti ...........................

of Atriplex confertifolia
Eurotia
tridentata .................................

5.2.4.

Dynamics of Some Major Cold Desert
5. 2. 5.

Shrubs . ..........................................................

Growth and Development of Sitanion

hystrix

and Poa

Sandbergii .......................................................

Distribution
and Balance of Biomass and Nutrients
Desert Shrub Ecosystems ..........................................

5.2.6.

in

Growth and Development of Haplopappus tenuisectus.
Burroweed, as a Function of Soil Moisture and Air
Temperature Regimes ..........................................

5. 2. 7.

_.... 5. 2. 8.

Water and Temperature Effects 011 Net Primary
Productivity
and apparent Photosynthesis
on
Oryzopsis Hymenoides and Stipa comata ............................

5..2.9.

The Bffects of Environmental Factors on Rates of
Primary Production of Two Desert Grass Species ....•..............

5.2.10.

Rate of Transport
Desert

of Photosynthate

of Root Systems of

Shrubs ...................................................

05.2.11.
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Rates of Gaseous CO2 and H20 Exchange in Mohave and
Great Basin Shrub Species ........................................
Root and Shoot Growth of Grayia spinosa
j amesii . ............

5. 2 .12.

and Hilaria

1 ••••••••••••••••••••••••••••••••••••••••••••

5 . 2 . 13.

Growth and Productivity
of Winter Annual Plants as a
Function of Moisture and Temperature on the Mohave
Desert ...........................................................

5.2.14.

Root Biomass Development in the Sonoran Desert ...................

5.2.15.

The Role of Annual ~rasses and Forbs in Nutrient and
Energy Cycles of Great Basin Plant Communities ...................

5.2.16.
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5.2.2.

Phenology and Function of Sonoran Desert
Environmental Changes.

Project

Leader:

Where·conducted:

Duncan T. Patten,
University.

Department

Annuals in R.~lation

of Botany, Arizona

to

State

Sonoran Desert

Abstract:
Germination,
phenology, and productivity
of summer annuals will be
measured to determine their response to natural environmental
conditions
of moisture stress and radiation.
The contributions
of annuals to the
total productivity
in the desert ecosystem under natural and manipulated
conditions
will be assessed as an input to other components in the desert
biome.
5.2.2.1.

Objectivesg

This study will determine the development of the annual plants, both
grasses and forbs, in response to seasonal and environmental
changes.
Germination requirements
will be analyzed for some of the characteristic
species.
Phenological
developments of most of the annuals will be related
to environmental
changes during the two yearly growing seasons.
Productivity
and moisture relations
of the annuals will be determined for all species
as a unit and for a few of the more dominant species.
Productivity
and
phenological
developments will be related
to the natural environment as
well as one in which water and radiation
input are manipulated.
5.2.2.2.

Justification:

Although perennial
are the characteristic
significantly
contribute
when there is adequate
a summer rainy season,
the Sonoran Desert has
These cause development
by dicotyledon
species,
Germination of annuals
variable
from place to

grasses,
shrubs, and trees, as well as succulents
plants of the Sonoran Desert, the annual herbs may
to the desert vegetation
cover during "good" years
precipitation.
Unlike the Chihuahuan Desert, with
and the Mojave Desert, with a winter. rainy season,
both winter and summer periods with precipitation.
of two annual floras:
the winter flora,
characterized
and the summer flora,
characterized
by grasses.
depends on seasonal precipitation
and is highly
place and year to year.

Summer rains occurring in late July and August stimulate
the development
of annual grasses.
In the lower elevations
of the Sonoran Desert where
there is more irregularity
of summer precipitation,
and annual rainfall
is less than 32 cm, annual grasses haye been found to contribute
as much
as 80% of the grass production during wet years and little
or no production
during drought years (t1artin,
1966). At higher elevations
in the semi-desert
grassland,
where rainfall
averages more than 40 cm per year, the annual
grasse!'l never contribute
more than about 30% of the total grass production.

5.2.2.-2
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The germination and development of annuals have been shown to be related
to rainfall
and temperature (Went, 1949) as well as to their relative
position
to shrubs (Went, 1942; and Muller,
1953). Most of this work, although
possib.ly
relRtc<l
to the Sonoran Desert, has been done in the tfojave Desert.
Thus, it is in the lower elevations,
below 1,000 m, where the annual
vegetation
can contribute
a significant
amount of primary productivity
to be used not only by large domestic ungulates but by the many small herbivores,
that in turn contribute
to the food chain of the desert.
One problem that complicates a study of desert annuals is the great
number of species with a small area as well as the small size of the plants.
A recent floristic
survey of one of the regional parks in Maricopa County,
Arizona, identified
over 300 species of plants of which more than 50% were
annuals.
Preliminary sampling of annuals with 2 x 2 dm quadrats showed
nearly 250 individuals
per 4 dm2 , or about one plant per 2 cm2, and seldom
fewer than 10 species per 4 dm2. The number of species and the high density
makes it imperative to treat the annuals as a unit, especially
for measurements
of biomass contribution
or total C0 assimilation.
On the other hand,
4
a fet-1 species that may be characteristic
of the Sonoran Desert annual flora
may be studied in terms of germination and other phenological
developments.
5.2.2.3.

· Procedures:

Methodology will be hroken into five major categories
(a) site selection,
(b) phenological studies,
(c) productivity,
(d) water relations,
and (e)
environmental monitoring and manipulation.
5. 2. 2. 3. 1. Two study areas will be chosen, each representing
different
but still
typical vegetation
of the Sonoran Desert.
One site
will be in the Larrea-Franseria
association.
This vegetation
type includes
other desert shrubs as well as trees such as paloverde (Cedcidium spp.),
ironwood (Olneya testota),
and the common cacti (Opuntia spp., Ferocactus
sp., Cereus giganteus etc.).
These areas are most common in the 350 m
to 830 m elevation
zone and have annual precipitation
below 25 cm. Winter.
annuals, better developed than summer annuals, may be characterized
by
members of the Boraginaceae, Compositae, Cruciferae,
and Hydrophyllaceae.
The second site will be in the Prosopis-Opuntia-gnass
association.
These
areas, found higher in E:levation (600 m to 1160 m or higher), have more
than 25 cm of precipitation
per year and have a better development of annual
grasses, especially
in th~ summer. Commonannual grasses found in this
association
and throughout the Sonoran Desert include Festuca octandra
and Poa bigelovii.
5.2.2.3.2.
Phenological studies:
within each vegetation
type
the annuals will be sampled ~riodically
during and following periods of
precipitation.
Sampling will ':le done with small quadrats
(e.g., 2 x ·2 dm) placed under the canopy of shrubs and out in the open.

,...,

.-

.
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The samples will be clipped and sorted to species.
The phenological
stage of each species in relationship
to the location of the sample
will be recorded.
This will enable notation of germination period
(i.e.,when
the species begins to occur in the samples), flower bud
development, flowering, fruit and seed development, seed dispersal,
and plant mortality.
Additional studies on germination requirements
of characteristic
annuals such as Amsinckia intermedia, Pectocarya
recurvata,
Eschscholtzia
mexicacana, Lupinus spp., Festuca octandra,
and Poa bigelovii will be done through field and laboratory manipulation
of soil characteristi_cs,
moisture,and
temperature regimes.
5.2.2.3.3.
Productivity:
Productivity
will be divided into
two parts:
(1) plant biomass production of aerial and subterranean
parts, and (2) net photosynthesis
and respiration
of plants as
influenced by environmental variables.
5.2.2.3.3.1.
Aerial biomass production will be measured
by dry weight determination
of the species collected during the
clipping of the 2 x 2 dm quadrats used in the phenological studies.
Adequate sample numbers will be taken from four aspects (N,S,E,W)
around the shrubs in order tc,determine
the biomass contrlbution
of
each species from the laboratory sortings.
During the early periods
of the growing season it might be necessary'to
lump many of the small
undeveloped species in order to get a measurable
weight.
Periodic dry
weight sampling will show the relative
growth rate of each species.
Along with dry weight determinations,
calorific
quantities
of the
dominants will be measured with.a bomb calorimeter.
Dry weight and
calorific
determinations
will be made on the root production in the
same manner as the aerial;
however, sampling of the roots will be done
by taking small soil samples of known area to a depth of 30 cm, washing
the sample, and separating
the roots into species (whenever possible).
5.2.2.3.3.2,
Net photosynthesis
will be measured in the
field by determining co2 exchange of plants within a plexiglas chamber
using a portable infrared gas analyzer and air circulation
system.
Correction for "soil respiration"
will be made by measuring net CO2
exchange of the soil with the aerial plant parts removed (thus measuring
root plus microorganism respiration)
and of soil .with the m·ajor part of
the annual plant roots removed (thus measuring essentially
oniy
microorganism respiration).
The co2 exchange within the chamber,
approximately 15 cm in diameter, will be measured under various light
and temperature conditions for selected areas of ground containing
annuals.
Following a sampling run, the dry weight of each species in
the chamber will be determined.
At times, annuals grow in a dense
population excluding most other species.
Removal of the few extraneous
species will create a pure stand of a single species enabling net
photosynthetic
and respiration
measurements of that species.
Net
photosynthesis
measurements will 'be made periodically
throughout the
winter and summer growing seasons,

-'.(
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5.2.2.3.4.
Water Relations:
Moisture stress,
represented
as
changes in total water potential,
will be measured on selected individuals
of characteristic
species by the Shardakov dye method. Plants from
open areas as well as under shrub or tree canopies will be used.
In
addition to total water potential,
evapo-.transpiration
will be measured
by determining the differences
in atmospheric moisture of the air
entering and leaving the plant chambers during net photosynthesis
measurements.
Correlations
between the change in atomspheric moisture,
plant biomass (treated as a group), and soil moisture will be made to
show the role of annu?ls in the hydrological
cycle.
5.2.2.3.5.
Environmental Monitoring and Manipulation:
To
enable correlation
of the phenological
and physiological
plant functions
with environmental variables,
the following environmental factors will
be monitored at the. two sites:
Air t~mperature 5 cm and 30 cm above
the ground 1 soil temperature on the surface,
2, and 5 cm below the
surface; atmospheric moisture near the ground; total wind movement near
the ground; soil moisture at 2 cm, 5 cm, and 15 cm; precipitation;
and
total incoming radiation.
Determinations
of soil textural
characteristics
will be by the Bouyoucos hydrometer method. Soil-moisture
holding
capacities
will be measured using a pressure-plate
apparatus.
Periodic
measurements of major soil minerals wi~l also be made •.
Environmental manipulation will be used to create environments
that appear suitable for annual plant development and growth.
It is also
possible that the duration of the study will include only drought
conditions.
If this occurs, water input will be an obviously needed
environmental manipulation.
Additional water during wet years will also
be tried.
Development of annuals seems best under larger plants;
therefore,
shading of portions of the study sites will be tried using
calibrated
texture shading screen.
Soil surface texture and color will
be manipulated by adding organic matter and colored sands.
These
will change the moisture holding capacities
of the soil as well as
the surface temperatures.
Environmental manipulation will .be done at
the beginning of the study to enable simultaneous measurements of plant
responses to the natural and manipulated environments.
All environmental
data as well as phenological
and physiological
measurements will be
compared and made compatible with other studies in the I.B.P. Desert
Biome Project.
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5.2.3.

Productivity

Project

Leader:

Where Conducted:

and Water Stress

Duncan T. Patten,
State University.

in Cacti

Associate

Professor

of Botany, Arizona

Sonoran Desert

Abstract:
This project,
begun in 1970, will be continued through 1971. Photosynthesi
of Cylindropuntia
and Platyopuntia
species are measured by co2 exchan~e
over long periods (in view of their Grassulacean-type
acid metabolism),
and their productivity
and growth are measured by dry-weight change.
Water
relations
and stomatal behavior are being measured concurrently,
and all
these processes will be related to environmental variables •..
5.2.3.1.

Objectives
0

This study attempts to determine the growth and productivity
of selected
species of cacti in relation
to environmental variables.
The change in
metabolic rates in relation
to soil moisture and internal
olant moisture
stress and temperatures will be emphasized.
5.2.3.2.

Justification

Survival of plant.a within the desert ecosystem requires a water conserving
habit, toleration
of moisture stress,
or ephemeral life cycle.
The succulent
nature of cacti provides a major source of food for rodents and other herbivores
during periods of drought when shrubs and herbs produce little
new growth
or palatable
foliage.
Although the metabolism of cacti slows down during
drought periods,
there remains enough water to maintain some healthy roots.'
These, along with the fleshy st.ems, act as a food squrce for herbivor_es.
The role of cacti as a major source of primary productivity
in the desert
ecosystem aaries considerably
depending on the species of cacti as well
as their densities.
Some of our recent studies of desert slopes show cacti
contributing
75% of the perennial plants on some south facing slopes; however,
this may be misleading because the more abundant cacti included small species
such as Echinocereus sp. and Mammillaria sp. These do not produce as much
biomass per plant as do barrel (Ferocactus spp.), saguaro (Cereus giganteus),
or cholla and prickly pear ·(opuntia spp.) • cacti.
Slopes with less insolation
are characterized
by perennial shrubs, although cacti are still
abundant.
In the lower elevations
of the Sonoran Desert, represented
by Saguaro National
Monument, a greater number of species constitute
the cacti flora.·
These
include the saguaro, barrel cactus, other chollas (O. acanthocarpa,
Q_.
spinosior,
Q_. bigelovii,
0. leptocaulis,
and Q, arbuscula),
other prickly
pear species,
as well as species of small cacti.
•

---
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Procedures

The study procedure will be divided into the _.following areas:
(1)
selection
of study sites and representative
species of cacti,
(2) studies
of plant productivity
and growth, (3) studies of soil-plant
water relations,
and (4) environmental measurements during growth periods and metabolism
analyses.
5. 2. 3. 3. 1.

Site and Species

Selection:

Because of the great variation
in desert,vegetatiort
and environment
between the lower arid desert and the higher elevation semi-arid communities,
two study sites have been selected.
One site represents
the typical cactusshrub vegetation
of the Sonoran Desert.
This ar.ea is characterized
by
Franseria,
Larrea, Cercidium, and Opuntia species and will be located in
the 200 to 800 m elevation belt where precipitation
ranges between 150
and 300 mm a year.
The second site is located in the higher elevation
semi-arid zone characterized
by Prosopis -(mesquite), Opuntia species, and
grass (both perennial and annual).
This zone, between 800 and 1200 m elevation,
has annual precipitation
ranging between 300 and 400 mm. The great variety
of cactus species in these two areas could make selection
of species for
study a difficult
one; however, in both areas there are speciesof both
the cholla or Cylindropuntia
group (e.g., .Q_. fulgida, .Q_. acanthocarpa,
and .Q_. spinosior)
and the prickly pear or Platyopuntia
group (e.g., 0~
engelmann99).
In order to allow for comparison between the study sites
and keep the overall study limited.
one representative
from each of the
two groups has been selected for intensive
study.
These are provisionally
opuntia fulgida and .Q_. engelmannii.
5.2.3.3.2.

Plant

Productivity

and Growth:

Productivity
will be determined through measurement of both total
annual increase in biomass production and net photosynthesis
or CO2 fixation
under various environmental conditions.
The majority of new growtn occurs
during the spring as pads or sections on the stem. The rapid growth of
these stem sections indicates
that reserve foods from the old stem and
possibly the fibrous root system are utilized
for manufacturing the new
tissue.
Photosynthetis
during this rapid growth period could not account
for the total increase in plant tissue.
Periodic sampling would not allow
a comparison of new growth with old food supply; however, three methods
will be used to try to determine dry weight increase.
5.2.3.3.2.1.
Small plants of the selected species will
be grown in pots and used as phytometers.
Periodic weighing of the plants
during the rapid growth period under controlled
moisture conditions
(field
capacity of sandy soil) will give the increase in fresh weight.
Soil moisture
will be brought to field capacity a day before each weighing, otherwise,
soil moisture conditions will be allowed to fluctuate
between waterings.
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Following termination
of new growth, som~ plants will be dried and weighed
for comparison of dry weight of the new stem sections with dry weight of the
old stem; other plants will be allowed to co.ntinu~ to grow, replacing
the
reserve food used in producing the new stem sections.
In late summer, these
will be dried and weighed for total dry weight content of new and old parts.
5.2.3.3.2.2.
Assuming that the cact~ replace the food reserves
utilized
from the old stem sections
for production
of new stem sections,
mature plants will be harvested
in summer, fall, winter, and spring (before
new stem sect ion growth) and measured for dry weight of the new stem
sections
in relation
to dry weight of the old stem parts.
5.2.3.3.2.3.
Total dry weight of old and new stem sections
will be determined through estimating
dry weight per volume. Pads or
sections will be measured with calipers
(to calculate
volume) or through
volume displacement
determinations.
The volume will be correlated
to dry
weight by periodically
taking plugs from the sections.and
determining
their
volume to dry weight ratio.
Periodically
throughout the year, soil samples
will be taken in the area of selected
plants and scre~ned for roots.
This
will permit estimation
of root distribution
and biomass.
Net photosynthesis
will be measured as net co2 fixation.
Cacti demonstrate
the acid metabolism
so widely studied in crassulacean
species (Raqsom and Thomas, 1960) and
only
slightly
studied in the cacti (Tip.g and Dugger, 1968). This
metabolism prevents short-term
measurements of net photosynthesis
and
respiration
with whole plants and necessitates
measurements of CO
2
fixation
over a 24 to 72 hour period under normal conditions.
The pattern
of CO2 exchange and whether there is .a positive
net co2 .fixation
are dependent
on the species and its response to environmental
variables
(Patten and Dinger,
1969).
Portable
transparent
chambers will be used to enclose sections
of
the plants in order to measure their COz exchange rates through differential
gas analysis
of the air entering
and leaving the chamber.
Air temperatures
within the plant chambers will be controlled
by cycling the air in tubing
from the chamber through a temperature
controlled
water bath.
5.2.3.3.3.

Soil-Plant

Water Relations

Metabolism of cacti has been shown to respond dramatically
to changes in water availability
(Kausch, 1965).
Soil moisture in
the root area of the selected
plants will be monitored with resistance
blocks and periodically
calibrated
with gravimetric
measurement of soil
moisture.
Plant mositure stress will be measured in two ways. The pressurebomb technique
(Scholander
et al.,
1965) will be used on·a few representative
samples of those cholla specie;-that
have a definite
v·ascular cylinder
in
the stern sections
(e.g.,
Q, leptocaulis
or Q.. arbuscula).
For these species,
as well as those lacking a definite
cylinder,
total water potential
will be
measured using the Sbardakov Dye Method (Knipling,
1967).
Since stomata!
activity
appears difficult
to measure, transpiration
will be measured by
monitoring the change in water content of the atmosphere entering
and
leaving the plant chambers during the photosynthesis
determinations.
An
attempt will be made to take silicone
rubber impressions
to determine
stornatal activity;
however, it is possible
that the active stomata are
near the areola and the spines might interfere
with this method.
Plant
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temperatures
at various depths
temperatures
will be monitored
relation
studies.
5.2.3.3.4.

within the stem as well as air and soil
throughout al: metabolism and water

Environmental

Measurements:

Environmental
factors
to be measured that have already
been mentioned include:
soil moisture and air and soil temperatures.
In
addition
to these, total radiation
input, atmospheric moisture (humidity),
wind and precipitation
will be monitored during the study.
If, during the
study period, there is an abnormally small amount of precipitation,
water
will be added to the ecosystem in order to stimulate
the metabolic processes
of the cacti.
It is important,
however, that productivity
during drought
periods be measured, because cacti may be the only major primary producers
during these periods.
For this reason, this study may require a few
years to obtain complete data to enable cacti to be worked into the desert
ecosystem model. Although most measurements and observations
will be made
in the field using a mobile laboratory
with recording equipment, laboratory
studies will also be used to more accurately
determine the plant response
and productivity
to moisture stress and temperature
and light variations.
It is in the laboratory
that drought conditions
will be created to test
reduced cacti metabolism and productivity.
5.2.3.4.

Results

Expected

At least one permanent study area will have been established
that includes both prickly-pear
and cholla type 0puntia species.
Techniques
for determining
dry-weight
production will have been settled
on and biomass
measurements will have been made during three periods:
(1) rapid-growth
period,
in the spring,
(2) summer dormant period, and (3) fall.
An attempt
will be made to correlate
dry-weight
of core samples from the fleshy stems
with the volume of the stem determined by a few external
measurements.
These correlations
will be used to simplify future productivity
estimates.
Carbon dioxide exchange rates will have been made on a few representative
species.
Difficulties
in making field measurements on cacti for long periods
of time will hopefully be solved during this year.
Water stress ·in 1970 will
be quite high because of the dry winter (1969-1970);
therefore,
metabolic
rates and dry-weight productivity
(in situ) will be below normal this
year, enabling comparisons with wetter years in the future.
By the end of
1970, in addition
to productivity
data, knowledge of the best periods for
determining
growth and responses to environment should have been obtained.
5.2.3,5.
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5.2.4.

Autecological
and Artemisia

Project

Leader:

Where Conducted:

Studies of Atriplex
tridentata.

Martyn M. Caldwell,
Curlew Valley

confertifolia,

Eurotia

lanata

Utah State University

and laboratory

Abstract:
A quantitative
analysis of the primary productivity
of Great Basin
shrub species in relation
to their water utilization
will be continued.
Direct measurements of net photosynthesis,
dark respiration,
and transpiration
will be carried out in climatized cuvettes.
These gas exchange processes
will be related to plant and soil water potentials,
and relevant microenvironmental parameters.
5.2.4.1.

Objectives:

To relate plant gas exchange rates to plant water status and to relevant
environmental parameters in order to construct models of primary productivity
and water use.
5.2.4.2.

Justification:

Atriplex confertifolia,
Eurotia lanata and Artemisia tridentata
are
the most widespread and important components of the cold deserts of North
America. Although some descriptive
ecological
research has been done on
these species,
there is, at present, very little
quantitative
data on growth,
physiological
functions,
and the ecological
relations
of these species
with their environment.
Such quantitative
information is requisite
for
the synthesis and testing of primary productivity,
water budget, and nutrient
cycling models which lie at the nucleus of the IBP objectives.
Comparatively more classical
autecological
studies of Artemisia tridentata
have been pursued (Goodwin, 1956; Beetle, 1960). Although a few studies
of eco-physiology
of these species have been attempted,
the efforts have
been disjointed
and the methodology now available
is much improved.
Short-term transpiration
rates were estimated by Stark (1967).
Sap
velocities
in big sagebrush were measured in relation
to the plant environment
by Gifford (1968).
Short-term measurements of photosynthesis
and respiration
by shadscale,
winterfat 9 and big sagebrush were included in a survey of
gas exchange capacity in relation
to vegetation
zonation in the White Mountains
of California
(Mooney, Wright, and Strain,
1964). A high altitude
biotype
of Artemisia tridentata
was used by Mooney and West (1964) in a study of
photosynthetic
acclimization.
Mooney, West 9 and Brayton.(1966)
measured
carbon dioxide gas exchange rates of a high altitude
Artemisia tridentata
in the White Mountains of California.
All of these .short term gas exchan8e
studies were carried out in environments far different
from the normal
cold desert environments using biotypes which are more limited in occurrence
and would be expected to behave quite differently.
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Pearson (1965) carried out a very limited number of measurements
of Artemisia tridentata
co2 uptake rates in connection with a primary
productivity
harvest study.
However, these measurements were
without control or measurement of the microenvironment within the
assimilation
chall'.ber and lacked replication.
The relationship
between the metabolic rates of these cold
desert shrubs and their environments remains an open question.
Little
has been done with cold-desert
microenvironmental
measurements since
the work of Billings
(unpublished data) in Nevada. Although the
carbohydrate relationships
of these plants are being well quantified
by
Cook et al. (unoublished data), little
or nothing is kn.own about the
net photosynthetic
rates of these plants in the field or the
assimilation
potential
throughout the year.
How net photosynthesis,
dark respiration,
and transpiration
are correlated
with incoming
solar radiation,
soil moisture supply, leaf and soil temperature,
and vapor pressure deficit
of the air needs direct investigation
in•
the field situation.
It is also necessary to know when during the
course of the year there is physiological
potential
for positive net
photosynthesis
or high respiration
rates.
It is possible that these
plants can enjoy a period of positive assimilation
in late winter or
early spring if conditions
are favor~ble.
All these species retain
at least some of their leaves in apparently
ever-green condition
throughout the year.
Two types of photosynthetic
systems have been
found for these species:
Atriplex confertifolia
appears to possess
the highly efficient
beta-carboxylation
pathway, while Artemisia
tridentata
and Eurotia lanata possess the normal pathway of CO2
fixation
(Caldwell,
-published).
The ecological
implications
of
these two pathways will be investigated
in this study.
Water is a limiting factor in the cold desert, and yet the
dynamics of water movement through the soil-plant-atmosphere
continum have not been quantified
in this region.
Since water loss by
transpiration
and photosynthesis
are together partially
governed by
stomatal diffusion
resistance,
the efficiency
with which water is
used during periods of active plant assimilation
may be critical
for
the survival and productivity
of these plants.
Simultaneous field and
laboratory measurements of net photosynthesis
and transpiration
in
relation
to plant and soil water potential,
solar irradiation,
and
the vapor pressure gradient between plant leaves and the ambient air
will be used to explore water movement and loss in these shrubs.
5.2.4.3.

Study Areas:

During 1970, field data are being collected
at Curlew Valley,
Utah. These data can, therefore,
be co-ordinated
with validation
studies in this area.
In 1971, all measurements will be carried out
in the laboratory
in order to permit a more efficient
sampling of
larger numbers of plants.
Representative
plant populations
of these
species will also be brought in from Pine Valley, Utah,IBP site in
order to evaluate possible genetic differences
within these species.
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Procedures:

Soil and plant water potentials
will be continuously related to
plant gas exchange activity.
Plant water potential
will be determined
by the pressure bomb method (Waring and Clearly, 1967). Soil water
potential
will be measured at several depths down to 2 meters by the
use of small thermocouple psychrometers (Rawlins and Dalton, 1967).
These psychrometers are extremely small (1 cm length by 4· mmdiameter),
moderately inexpensive to construct,
and rugged enough for field or
laboratory use.
The measurement of plant gas exchange will provide a direct
measurement of plant transpiration,
dark respiration
and net photosynthetic rates.
These exchange rates of net photosynthesis
and
transpiration
can be measured simultaneously
by our "cuvette"
systems.
Most of the components for two separate cuvette systems
have already been acquired under the auspices of the·Utah State
University Ecology Center.
Two climat'ized micro-gas exchange chambers
(Siemens Corp., Erlangen, Germany) provide a temperature and humidity
environment inside the chambers automatically
adjusted to ambient
conditions by a Peltier
temperature and dew-point control system
(Koch et al.,
1968). Air movement within the chambers is also
adjustable':Carbon dioxide concentrations
are measured by infra-red
gas analysis (Beckman Co.,) and water vapor by lithium-chloride
sensors (Siemens Corp.).
Leaf temperatures will be measured with
fine wire thermocouples and.radiation
thermometry (Barnes Co.).
During
1971, gas exchange rates will be measured for the three species at
several times throughout the year.
Plants will be excavated and
placed in large containers and allowed to remain in the field.
Each week a few plants will be brought into Logan for gas exchange
measurements.
These plants will be held in a greenhouse a few days
before measurements are carried out~ Three times during the year
plants will be transported
from Pine Valley, Utah for similar measurements.
Gas exchange rates
radiation,
temperature,

will be investigated
and moisture stress.

Leaf area will be measured for all test
of the device described by Carman (1963).

at several
plants

levels

of

using a modification
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5.2.5.

Biomass and Nutrient

Project

Leader:

Dynamics of Some Major Cold Desert

:Neil E. West, Utah State

Where Conducted:

Curlew Valley,

Shrubs.

University

Utah

Abstract:
A quantitative
analysis of the primary productivity
of Atriplex confertifol
and Eurotia lanata in relation
to their nutrient
uptake and utilization
has been begun during 1970. It is proposed to continue this during 1971,
and to add Artemisia
tridentata
to the species studied.
Direct measurements
of vegetative
shoot and root growth, nutrient
analysis of sequential
soil
and plant samples of these species will be taken near the Curlew Valley
validation
study site.
These data will be correlated
with relevant
environmenta
parameters and measurements of soil and plant water potential,
transpiration,
and net photosynthesis
to be studied concomitantly
by Caldwell.
5.2.5.1.

Objectives:

To relate quantitative
data on vegetative
growth and mineral nutrient
uptake to each other and to relevant
environmental
parameters and other
ecophysiological
processes to be studied.by
Calwell in order to construct
models of primary produc_tivity and nutrient
cycling.
5.2.5.2.

Justification:

Atriplex confertifolia,
Eurotia lanata, and Artemisia tridentata
are
the most widespread and important components.of the cold deserts of North
Ameriaa.
Although some de'scriptive
ecological
research has been done on
these species,
there is, 'at present,
very little
quantitative
data on growth,
physiological
functions,
and the ecological
relations
of these species
with their environment,
Such quantitative
information
is requisite
for
the synthesis
and testing
of primary µroductivity
and nutrient
cycling
models which lie at the nucleus of the IBP objectives,·
Some of the germination requirements
and seedling growth of Atriplex
confertifolia
(Vest and Cottam, 1963) and Eurotia lanata (Workman and West,
1967 and 1969; Clarke and West, 1970) have been studied,
but· quantitative
measurements of subsequent shoot and root growth are entirely
lacking.
Comparatively more classical
autecological
studies of Artemresia tridentata
have been pursued (Goodwin, 1956; Beetle, 1960). Although a few studies
of the ecophysiology
of these species have been attempted,
the efforts
have been disjointed
and the methodology n9w_available
is much improved.

~
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West and ~ayland (unpublished data) are now analyzing some plant
and soil samples from an Artemisia tridentata-dominated
stand on the
National Reac:tor Test Site, southeastern
Idaho.
These data will give
an idea of the magnitude of elements present so that improvements can
be made for sampling under this program.
Preliminary
studies indicate
that nitrogen may be limiting
to
growth of these species.
When two relatively
wet years occur sequentially,
the available
nitrogen may be tied up in the living biomass during the
first year so that a less than optimumal supply is available
for the
following year even though moisture supplies would normally allow
continued growth (Bjerregaard,
Caldwell, and West, unpublished data).
Recent studies in Australia
(Cowling, 1969) indicate that nutrients
may be absorbed by Atriplex vesicaria
when the soil moisture tension
is greater than 15 atmospheres.
We know nothing of the status of Pin the ecosystems involved, as
well as that of K, Ca, Fe, Mn, Zn, Na, Mg, Co, and Cu. These elements
will be inventoried
from sequential
plant and soil samples.
A basic background of data for the study area on soil physical
properties
and chemical characteristics
emphasing salinity
are
available
in publications
of Cates, Stoddart and Cook, 1956 and
Mitchell,
West; and Miller,
1966.

5.2.5.3.

Study areas:

During 1971, field data will be collected
at Curlew Valley, Utah.
These data can, therefore,
be co-ordinated
with validation
studies in
this area.

5.2.5.4.

Procedures:

Growth of shoots and roots will involve field and growth chamber
measurements which are in concurrence with suggested IBP methodology
(Milner and Hughes, 1968).
In addition
to phenology measurements, in
stands from which other data will be derived, we intend to measure
litter
production by the enclosure-platform
technique devised by Mack
(personal correspondence).
Bisects of soil profiles
will be fitted
with sloping glass observation
windows in an attempt to define
periodicity
and morphology of root growth.
Random sequential
coring
will give biomass estimates.
Analysis of sequential
soil and plant samples for essential
elements in the study of nutrient
standing crop and uptake will be done
similarily
to that of McGinnis et al., 1969. We will utilize
an atomic
absorption
spectrophotometer
apoaratus already available
on the Utah
State University
campus. Exceptions to the above are the vanadate
method which will be used for phosphorus and the Kjeldahl method for
nitrogen.
(Chapman and Pratt,
1969).
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5.2.6.

Growth and Development of Sitanion

Project

Leaders:

Where Conducted:

hystrix

~I. Hironaka

and E.W. Tisdale,
and Range Sciences, University

Western Idaho,

Curlew Valley,

and P.oa sandbergii.
College of Forest, Wildlife
of Idaho, Moscow, Idaho.

and Hanford,

Washington •.

Abstract:
Investigations·of
the growth of Sitanion hystrix began in 1970 will
be continued in _1971, and extended tp cover Poa sandbergii
(f_. seconda).
Growth and development of seedlings,
roots and vegetative
parts will be
measured and correlated
with natural and manipulated levels of soil water
potential
and soil and air temperatures,
and with net photosynthesis
and
transpiration
rates.'
The seasonal productivity
of these grasses,
in relation
to abiotic factors and their contribution
to seral stages in sagebrush
vegetation,
will be'determined
for use in the total productivity
model.
5.2.6.1.

Objectives:

To determine for two perennial
Poa sandbergii
the following:

native

grasses,

Sitanion

hystrix

and

5.2.6.1. 1. Growth and development of seedlings as ·affected by
soil moisture,
soil water potential,
soil and air ·temperature,
and atmospheric
humidity.
function
sis.
of soil
relation

5.2.6. 1.2. Growth and development of vegetative
of soil water potential,
soil and air temperature,

growth as a
and net photosynthe-

5.2.6.1.3.
Growth and 'development of root system as a function
water potential,
soil and air temperature,
and net photosynthesis.
5.2.6.1.4.
Transpiration
rate and amount of water uptake
to root concentration
and soil water potential.

5.2.6.2.

in

Justification:

Sitanion hystrix and Poa sandbergii
*syn. Poa secunda) are important
primary producers in sagebrush-grass
vegetation
and in many c0Dm1unities
in the shadscale zone. Sitanion's
major role is as a seral species in
the early·perennial
grass stage of secondary succession in those areas
that support Artemisia tridentata
subsp. tridentata
and subsp. wyomingensis.
It is probably the climax perennial grass dominant in northern shadscale
vegetation
and an important constituent
species in the southern portion
of the shadscale zone. Poa sandbergii
occurs throughout the sagebrush
region.
In shadscale vegetation
it is restricted
primarily
to the northern
sector of this vegetation
zone.

5.2.6.
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This Poa species is a co-dominant understory species in the drier portion
of the sagebrush zone. It's ecological status in shadscale vegetation
has not been determined.
5.2.6.3.

Previous

Work:

Hironaka and Tisdale (1963) were the first to elucidate
the role
of Sitanion in sagebrush-grass
vegetation.
They reported the natural
replacement of cheatgrass by Sitanion in southern Idaho. Recent
studies of Sitanion in relation
to medusahead ranges show that it has
a preference for certain soil conditions
(Dahl,1966) but is able to
replace medusahead over extensive areas (Sindelat; 1968).
Poa sandbergii
(syn. Poa ~da
Hitchcock ~ al., 1969) is an
early growing, cool season perennial bunchgrass of low stature.
In the
drier portion of the sagebrush region it is often co-dominant with
Agropyron spicatum and Stipa thurberiana
(Poulton and Tisdale~l961;
Tuelle~
1962; HironakaJ1963: Tisdale et al.)1969).
Its occurrence in shadscale
vegetation is primarily limited to northern Utah, northern Nevada,
Idah~ and Oregon. Its aerial biomass is generally less than 25 kg/hectare,
but in years of extremely favorable conditions Poa may yield 100 to 200
kg/hectare in some sagebrush communities (Passey et al.; 1954). Its low
aerial volume is compensated by relatively high ground coverage and high
frequency of occurrence (TuellerJ1962~ HironakaJ1963; Hyder et al, 1963~
Tisdale ~ al.> 1969). Phenological development of this s·pecies was
studied over a 20-year period in southern Idaho (Blaisdell;l958).
Growth
begins by the end of March, much earlier
than associated perennial
grasses.
It matures by early summer and becomes dormant. Dormancy is
attributed
to photoperiod and/or high temperatures rather than moisture
stress (Laude✓ l953). Aoomixis is known _to occur in Poa sandbergii and
other closely related species (Hitchcock et ~.)1969),
and reproduction
of this species is apt to be essentially
vegetative
suggesting that this
species includes numerous ecotypes.
5.2.6.4.

Procedures:

It would appear that the source of plant material studied would
have significant
effects on plant response.
To obtain interpretable
results,
material of known origin and history will be studied.
To include some of the known variability
of the species involved,
seed and clonal material for both species will be obtained from the
same type of site in several sagebrush and shadscale communities.
Due to facilities
available,
intensive studies will be conducted
at the U.S. Forest Service Saylor Creek Experimental Range located
near Boise and the University of Idaho Experimental area at Malta,
Idaho. Less intensive studies will be carried on at the validation
site in Curlew Valley, Utah and the Hanford AEC site in Washington
because of greater distance or convenience.

5~2.6.4.1,

Objective

5.2.6.1.1.

During 1970, plots lx2m will be seeded ·to study seedling
emergence and development.
Seeding rate will be 1000 seeds/m~.
After
emergence, conditions
for different
soil temperature
regimes will be.
initiated
by sprinkling
light and dark inert material
over the plots to
yield difjerent
levels of soil surf~ce reflectivity.
Soil temperature
and
soil water potential
measurements will be obtained by thermocouple psychrometers.
These measurements will be restricted
to the upper 1/2 m of soil.
Seedling mortality
and development characteristics
will be recorded
periodically
during the season.
Top growth will be determined by tiller
counts and harvesting.
Root production will be estimated after a corre-lation has been established
between root and top growth.
To accomplish
this, a number of seedlings will be grown in restricted
soil columns for
periodic
sampling of entire root systems and correlated
to top growth.
5.2.6.4.~.

Objectives

5.2.6.1.2.,

5.2.6,1.3.,

5.2~6.l.4.

The same plant will be used to study net photosynthesis,
transpiration
rate, root and top growth development,
and root reserve,'
Transplants
spaced 1/2-1 m apart to facilitate
placement of an asiimilation
chamber will be used.
Thermocouples placed at 1, 3, 7 and 10 dm depths
under randomly selected
plants will be used to monitor soil moisture and
temperature
con.dit.ions.
Plants grown· in restricted·
soil columns will be
sampled periodically
to obtain a measure of root development.
Net
photosynthesis,
transpiration
rate, and aerial
growth measurements will
be obtained prior to root biomass sampling for maximum information
?er plant.
Net photosynthesis
wi 11 be determined by measuring co2 ex.change with
an infrared
gas analyzer attached to a plexiglass
chamber enclosing an
individual
plant.

A water vapor gas analyzer will be included in the assimilation
chamber system to obtain a measure of· transpiration
rate concurrently
net photosynthesis.
Plant water stress will be measured by a portable
meter designed by Carey and Fisher (1969).

with

freezing-point

Samples for carbohydrate
root reserve determination
will oe obt,ined
and analyzed in the laboratory.
For preservation
until analysis; the
samples will be autoclaved
for'5 minutes at 5 psi, dried at 70° C, ground~
and placed in air tight containers.
Growth chamber and greenhouse studies will parallel ·those in th~
field to define the range in soil temperature
in which the plants cm
0
be grown. Plant· response in the temperature
range betweens°
C to 4)
C will be studied.
Measurements to be taken on indoor plants will b'a.
the same as those obtained ,in the field.
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A specific experiment will be established
summer dormancy in Poa sandbergii is controlled
high temperatures.
5.2.6.5.

to determine whether
by photoperiod or

Expected Results:

We expect to determine that grass establishment,
growth, and
productivity
in deserts depend on the seasonal availability
of
moisture and on the regime of temperature
at critical
times
of the year.
The number and distribution
of roots in relation
to
soil moisture determines top growth and transpiration
rates.
5.2.6.6.
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5.2.7.

Distribution
Ecosystems.

Project

Leaders:

and Balance of Biomass and Nutrients

in Desert

Shrub

James O. Klemmedson, and Edwin L, Smith, Department of
Watershed Management, University of Ar'izona.

Where Conducted!

Tucson area.

Abstract:
Seasonal and annual changes i~ the distribution
and balance of biomass
and nutrients
(C, N, and secondarily Ca, P, and K) in Prosopis juliflora
and Cercidium spp. will be measured and.related
to precipitation,
temperature,
and radiation
regimes.
Particular
attention
will be paid to the role of
leguminous shrubs in nitrogen fixation and balance in the desert ecosystem ..
5.2.7.1.

Objectives:

The objectives of this project are to measure the distribution
and
balance of biomass and nutrients
in the.regime of important desert ecosystem
shrubs.
Scope of the study will be limited initially
to Cercidium spp.
and Prosopis juliflQra
insofar as shrubs are concerned and to nitrogen,
carbon, calcium, phosphorus, and potassium insofar as nutrients
are concerned.
Nitrogen and carbon are of primary interest;
analyses for calcium, phosphorus,
and potassium will be undertaken secondarily as resources permit,
The specific objective is to measure s~asonal·and annual changes in
distributiqn
and balance-of. biomass -and nutrients
·in individual shrub species
as they relate to macro-environmental
factors (precipitation,
temperature,
radiation).
5.2.7.2.

Justification:

..

Shrubs are an important vegetative
component of the southern desert.
They vary in amounts from none at all to stands so heavy as to greatly
diminish production of herbaceous.understory
species.
The relative
density
of shrubby species on the southern deserts is of ecological interest
and·
economic importance.
Shrubs have an imµact on the disposition
and utilization
of moisture, the production of usable forage for game and livestock,.the
aesthetic value of the desert, and they enter dramatically
into the balance
and cycling of nutrients.
One of the least understood aspects of the desert
ecosystems is the nutrient regime.
In this area, nitrogen:is
of particular
interest
and importance.
Soil nitrogen is prominent amoqg the many nutrients
essential
for plant
and animal growth and has probably received more study and attention
than
any other.
Yet, this study has.been largely confined to agricultural
soi.ls
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and crops.
We still
have a meager understanding
of nitrogen in desert
ecosystems.
Nitrogen is unique among the major nutrients
in that it occurs
onlv in trace amounts in soil parent materials,
yet is required by plants
in relatively
large amounts.
Because nitrogen is present in ecosystems largely as organic nitrogen
and because the mobilization
of nitrogen is so dependent on carbon in the
system, it is quite logical to study nitrogen and carbon simultaneously.
Although of secondary interest
in this study, calcium, phosphorus, and
potassium are very important elements in the nutrition
of plants and animals.
Phosphorus and potassium are f_requently deficient
in soils and thus in
crops, and nutrient
balance studies are scaree for these elements in the
shrubs of interest.
As long as sample material
is available,
it would
seem desirable
to investigate
the nutrient
regime for these nutrients
as
well, funds permitting.
5.2.7.3.

Previous

Work

The amount and distribution
of nitrogen and carbon in soil-plant
systems
is conditioned by the soil-forming
factors (Jenny, 1961). These factors
have been defined as climate, the biotic factor,
topography, parent material,
and time (Jenny, 1941). The extreme variability
in nitrogen content of
surface soils,
from less than 0.01% in arid so°ils to more than 2.0% in
highly organic soils, attests
to the greatest variety of combinations in
which the factors occur (Jenny, 1961). Jenny and his students have been
instrumental
in defining relationships
between soil nutrients
and the soilforming factors during the past 30 years, but becaeee of the great array
of conditions to be sampled only the surr"ace has been scratched in this
area of research.
The biotic factor is of primary interest
in the proposed research
project.
Plant life, including algae, bacteria,
and higher plants plays
a dominant role in the fixation
of atmospheric nitrogen.
The symbiotic genus Rhizobium, commonly associated
with the Leguminosae, has been recognized for many years for its contribution
t~ the
nitrogen fertility
of cropland soils.
The fact that symbiotic bacteria
play an active role in the nitrogen economy of natural plant communities
is not so well known. On the other hand, evidence that legumes associate
i-rith symbiotic hacteria
in natural communities is not wanting.
Many leguminous shrubs of the desert southwest are components of seral
vegetation.
Mesquite (Prosopis juliflora)
of the southwestern deserts
and many of the llipines(Lupinus
spp.) are typical examples.
It is our opinion that we know too little
about the role that various
plants play in ecological
succession and that we tend to evaluate the
desirability
of a species almost wholly on its immediate economic value.
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Climate is the most important factor affecting nitrogen and organic
matter in the ecosystem (Stevenson, 1965). Jenny and his co-workers (Jenny,
1929, 1930, 1931; Jenny et al., 1948; Jenny and Raychaudhuri, 1960; Klemmedson
and Jenny, 1966) have st'iiaied the importance of temperature and precipitation on nitrogen and organic matter in soil.
Jenny (1950) attributed
the
unusually high nitrogen contents in the Columbian soils to more favorable
climate for plant growth and the presence of species of Leguminosae.
Similar studies from Arizona with its contrasting
arid climate and diverse
vegetation would provide additions to previous work.
5.2.7.4.

Procedures
The equation,
1, s,

V

= f(o)

cl, r, p, t
employing concepts of Jenny (1958) and Major (1951) provides a formalistic
approach for accomplishing the objective.
In this case, 1 signifies
any
ecosyst.em property,
any soil property, and v, any vegetal property.
The
biotic factor, o, is the independent variable,
or any sub-factor of it,
while subscript factors cl, climate~ r, topography, p, parent material and
t, time or age of the system, are all held as near constant as possible.

s,

With the above approach in mind, shrubs of the selected species and
representing
the age-class spread to be found in the study area (Santa Rita
E~perimental Range site) will be sampled on a replicated
basis.
A minimum
of two replicates
and four or five age classes (or size classes, assuming
correlation
of age with size) including age zero will be sampled ~n a restricte
random basis (i.e.,
selected shrubs must satisfy the criteria
of equation (1)).
Sampling of individual shrubs ecosystems will include leaves (old and new for
persistent-leaved
species),
live branches (old and current growth) dead
branches, boles, litter,
and root and soil for the 0-5, 5•15, 15-30, and
30•60 cm depth.
Herbaceous and shrubby understory vegetation (standing
live and dead) will also be sampled.
Prior to sampling each shrub, measurements (height, diameter, shape,
canopy density, canopy projection,%
shade under canopy) to describe the
shrubs size and control of the site will be recorded.
Herbaceous and shrubby
understory vegetation will be.'identified
and measured to determine amounts
and distribution
relative
to the shrub canopy. The above-ground portion of
shrubs will be collected in total for determination
of weight,.moisture
content, and subsequent laboratory analysis.
Herbaceous vegetation,
litter,
and roots and-soil will be sampled at intervals
out from the base of the
shrub in four cardinal directions
and extending for at least one sample
point beyond the canopy. Root and soil samples will be ~ollected with a
hydraulic soil corer if it can be shown to be feasible for the soils involved.
Otherwise, volume and weights of all sampled will be recorded to enable
expression of results
in terms of weight/m 2 for each depth samples .

.
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Above-ground materials will be weighed, dried for moisture determination,
sampled and ground in Wiley mills for laboratory analysis.
Litter samples
will be separated by a flotation
technique, weighed, and ground for analysis.
Soil and roots will be separated by flotation
methods (Dahlman & Kucera,
1965; McKell, Wilson and Jones, 1961) and sieving, dried and weighed; ground
in Spex and Wiley mills for analysis.
Nitrogen will be determined by macroand micro-Kjeldahl
methods (Bremmer, 1965) for soil and plant materials,
·respectively.
Organic carbon will be analyzed by the dry combustion method
(Allison, Bollen, and Moodie, 1965) using a LECOhigh-temperature
induction
furnace and correction
for carbonate (Williams, 1949). Fractions of calciwn,
phosphoru5.>and potassium to be measured and laboratory methods to be used
will be determined at a later date so as to conform with procedures adopted
by other Desert Biome collaborators.
Graphical,
statistical,
and computer techniques will be utilized
to
develop relationships
between independent variables,
such as biomass and
nutrient
distribution
variables,
biomass increment, etc. and dependent
variables
such as shrub age, phenological
stageland environment variables.
Presumably, computer techniques can be utilized
to map biomass and nutrient
distribution
to be expected under various combinations and pattern·s of
species.
At present,
there is a program of three years starting
at Tucson
on statistical
analysis and computer mapping procedures of ecological
variablesdeveloped
by Charles Bonham, who will act as consultant
on this
study.
5.2.7.5.
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5.'2.8.
Growth and Development of Haplopappus tenuisectus,
Burroweed,
as a Function of Soil Moisture and Air Temperature Regimes.
Project Leader:
Dwight R. Cable, Range Scientist,
and Range Experiment Station,
Tucson, Arizona.
Where Conducted:

Rocky Mountain Forest

Tucson area.

Abstract:
The growth, flowering,
and fruiting
of burroweed will be determined
in relation
to soil moisture usage at various times of the year, ·and to
air temperature
and rainfall.
This study will provide the information
on
growth requirements
and limitations
for this species,
and determine its
role in productivity
and replacement in the desert ecosystem.
5.2.8.1.

Objectives:

To determine how changes in soil moisture and air temperatures
influence growth and development (through flowering and fruiting)
of
·burroweed in the field.
Specific questions
to be answered by this study
are:
-5.2.~.l.l.
at various seasons

What is the pattern
of the year?

of soil

moisture

5. 2. 8. 1. 2. From what depths and later a 1 ·distances
burroweed drawing moisture at various seasons of the year?
growth,

5.2.8.1.3.
How does soil moisture use correlate
flowering,
and fruiting
of burroweed?

temperature

5.2.8.1.4.
How does growth of burroweed correlate
and rainfall?

S.2.$.2.

availability
is
with vegetative
with air

Justification:

Burroweed is an unpalatable
(poisonous) undesir.able half-shrub
of
southwestern
semidesert ranges that competes with desirable
forage species
for moisture and nutrients
as well as for space.
An understanding
of its
growth requirements
and limitat ,ons is a prerequisite
to ·assessing the
role of this species in productivity
and replacement in the desert ecosystem.
This study will be an extension of an earlier
study that has partially
explained these objectives.
5.2.8.3.

Procedures:

5.2.8.3.1.
General Plan:
The general procedure will be to
monitor changes in soil moisture to a depth of two meters, halfway between
burroweed plants spaced from 40 to 200 cm apart, and on a comparable

, ..

•

I

\"•••
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burroweed-free
check plot.
Detailed measurements of growth and
development of burroweed., a_ir temperature,
and rainfall
will be recorded
concurrently
and correlated with the soil moisture measurements.
Plots
will be located in Qatural stands, although some modifications
and removal
of plants for density may be done.
5.2.8.3.2.
Field Measurements:
Soil moisture will be measured
at 25 cm intervals
to two meters by the neutron probe method~ Tubes
will be installed
midway between burroweed plants at the spacings which
reflect
the distance to the nearest burroweed and equivalent density in
plants per hectare.
In addition,
supplementary measurements of soil moisture changes
in the 0-6 cm depth will be taken adjacent to each tube to determine
differences
in surface evaporation-with
different
population densities
of burroweed.
Soil moisture will be measured weekly, except immediately after
heavy rains when daily measurements will b.e made to determine-the
rate
of soil moisture loss.
With 6 spacings, 6 replications,
and 8 depth&,
283 soil moisture measurements will be made each sampling date.
Most perennial grasses will be removed from the influence zone around each probe
tube.
Burroweed growth will be measured on the same day that soil.
moisture is measured and will be recorded as the total of current-year's
stem growth on 6 individual branches of one plant at each soil moisture
hole.
The figure for each branch will represent .the.cumulative
total
of all current-year's.axillary
shoots arising from the older branch, and
on successive dates of measurement the same branches will be remeasured,
throughout a given growing year from shoot initiation
in winter to flowering
the following fall.
Stage of development (vegetative,
flowering, fruiting,
etc ..) will be recorded at each date of measurement.
Soil moisture and stem
growth data will be recorded on cards for automatic data processing.
telemetered

Air temperature and rainfall
data will
records for the site weather station.

be obtained

from the

5.2.8:3.3.
Schedule of Field Work: In January 1971 we will
kill mesquite within 34 m of the study area and install
access tubes and
remove perennial grasses within 1.3 m of all access tubes.
All burroweed
and perennial grasses on a 6 m x 6 m check plot will be removed to
begin soil moisture and vegetation measurements.
Weekly thereafter
(except daily after heavy rains) we will take soil moisture and vegetation
measurements.
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Expected Results:

We expect to find that burroweed, by its early utilization
of soil
moisture principally
in the winter and its growth patterns,
has a large
impact on later availability
of moisture to other shrubs, and depresses
their general productivity.
5.2.8.5.

Total

Budget;

$8,421.
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5.2.9.
Apparent

Water and 'l'emperature
Effects
Photosynthesis
in Oryz~psis

c.

Project
Leader:
Rexburg, Idaho.

L.

Where Conducted:

Rexburg,

Pearson,

Idaho;

on Net Primary·Productivity·and
hymenoides and Stipa comata.
Department

Curlew Valley:

of Biology,

and the

Ricks

College,

laboratory
,,'

Abstract:
The growth and net primary productivity
of Oryzopsis hymenoides
and the associated
Stipa comata will be m~~a_sured as a function
of soil ... ,1
moisture
in three stands in the vicinity
of, Rexburg, Idaho.
Seasonal.-·,'
changes in increment
growth and temperature 'will be correlated:
with gr'.owth
rates to determine
the time of maximum productivity.
This study will
provide input for the submodel on productivity
of grass in the ·northern.
,.
deserts.
·1
. , ,·
,,

5.2.9;1.

Objectives:

The proposed study wi'li determine
th_e effects
of :i:ncreased
soil moisture
on growth increment and net. primary productivity
in two·
,•
grasses.
Photosynthetic
rates will be measured peri.odica·ll,y
for correlation.
with soil moisture and teinpera.ture,
and with the growth determined
by
harvesting
th.e plants.
•

5.2.9.2.

Procedures:

Rate of growth of the two grasses will be measured at both
Rexburg and Curlew Valley.
At Curlew Valley,
10 plants will be harvested
in May, 1970, separated
into tops, crowns, ~nd roo·ts, dried,
and weighed.
At this time, 10 additional
plants match~d-with
the·others
will be located
and marked, and 5 ·of them will be irrigated:
with 3 cm of water.
r'n July,
these 10 plants will be harvested.
At that time~ seed will be collected
from a number of plants
to grow in the Ricks Colle$e lab during the winter-'·
months.
At bot;h sites,
additional
observat1.oqs
of gross morphology
•• •
and development will be made.
To study more thoroughly
the effects
of water on growth and
photosynthesis,
some :c.ndividual plants
growing in the field will be
irrigated,
and others .left uni!rigated.
To control
experimental
error;
it is proposed that for each_s~ecies,
we take 3 subsamples at different·
dates in 30 locations
and take 3 plants
for replication.
These will
be measure4 for diame~er,
height of crown, and approximate
number of
stems in each bunch ..or clump and the density,
microrelief
and soil
characteristics
will,be
observed in order to choose three plants
as
nearly identical
as po/:isible in each case.
One plant of each subsample
will be irrigated
twice a.month,
one plant once a month, and the other .. •
will be left unirrigated.·
Similar
subsamP,1,es will be grouped· .'trito· rep li-·
cations
of three sets:
the irrigated
plant's of one ·set will be watered
during the spring months of April and May only; the irrigated
plants of

..

·:·;

·'\
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the second set will be watered during the summer in June and July; and the
irrigated
plants of the third set in each replication
will be watered during
both periods from April through July.
At· the· ·beginning of the study,
meas-urement-s of diameter·; et~. will. be tnade and recorded, arid at least
twice a month ..additi.onal measurements will be made and recorded; these will
,include phenologica-i :observations· 88 well as leaf .1'iing_thand wtdth, length
of flowering stalks, diameter of clump, and so forth.
•

.:rhe :plants .will be chosen at th·ree or· more site·s:. :Menan Buttes, 15 km
west of Rexburg; Plano, 15 km northeast of Rexburg; and the Fre~ont County
Sand Dunes Area, 25 km north of Rexburg. A few plants• hopefully en·ough for
two samples, can be found on the Ricks College Campus. Recent construction
has de~t-royed mu~h of the Stipa•Oryzopsfs
starid refe-rr·ed to in earlier
papers (Pearson 1965-1966). ,A'ssigntiierit o.f 'plants to treatment and to
harvest data will be.randomized.wit~in
'the sets'and _subsamples.
A rneta-1 frame, 60 cm square and 30 'cm·high and sharpened on the lower
edge will be welded from plate steel and used -as an irrigation
device.
The
frame will be placed so that the plant to be irrigated
is in the center and
will be driven about 2 or 3 cm into the soil, just enough t9 form a dam
around the plant but not deep enough to be damaging to the roots.
Into
this square will be poured 10.8 liters of water which will result in a 3
cm irrigation.
The frame will also 'be driven into the soil around the
non-irrigated
plants to the same depth.
Air and soil temperatures and relative
humidity wili be recorded in the
vicinity
of each group of plants and weekly measurements of soil moisture
will be taken.
Approximately 50 metal cans will be placed at the various
locations to check local variation
in precipitation.
Two methods of measuring productivity
will be employed; the·harvest
method and the carbon-dioxide
absorption method. Every week during the
period of· rapid growth, one· -replication
of plants will be ·harvested, dried,
and weighed. Before drying, ·each plant will be divided into four ·parts:
roots, crowns, leaves and· stetns, and flowers and fruit.
(The' crowns of
Oryzopis are big bulky, woody, often loaded with sand and foreign debris,
and present a source of error in measuring•-it
seems advisable,
therefore,
to weigh the crowns separately.)
Simple chemical tests,
semi-quantitative,
will be made on the plants following drying and weighing.
•
The carbon-dioxide
method will eonsist of placing a plastic curvette
over each of six plants, representing
two complete sets of three, and drawing the air through co2 absorption towers using a vacuum cleaner or other
source of suction..
(If no electricity
is available,
manifold pressure will
be employed as in a previous study, Pearson,· 1966). After abo1,1t 43·.2
minutes (3 centidiems-•a
convenient time interval
for calculation
purposes)
the absorption liqµid will be emptied into a numbe;red flask and the
tower refilled.
The following day• titration
will be employed to measure
the. amount. of co2 absorbed.
_.During the pe:i.od of ra\)id gro':1th •(from about
April 20 to July 20) weekly·.measurements will be made. During March and
August, and possibly later, monthly measurements will be made~
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Expected

Results:

In a previous study, it was shown that the annual harvested
top growth of the plants in a desert ecosystem (at Rexburg, Idaho) increased
41.4% when irrigated
with 9 cm of water.
In this same study (Pearson,
1965,), as well as in other studies
(Blaisdell,
1958 and Pearson, unpublished
data),
it was observed that Q• hymenoides and presumably Stipa Comata
make their greatest
contribution
to primary production during the late spring
and early summer in contrast
to the shrubs which are heavy contributors
in late fall and very early spring,
and the £orbs, which are early spring
contributors.
Water, of course, is a major limiting
factor except during
the coldest part of the year,
This study is expected to show a greater
response to changes in temperature
but a less pronounced response to increase
in soil moisture in grasses.
5.2.9.4.

Literature

Cited:

Blaisdell,
J.P.
1958. Seasonal development and yield of native
on the Upper Snake River Plains and their relation
to certain
factors.
U. s. Dept. Agric. Tech. Bull.
No. 1190, 68 p.
Pearson, L. C. 1965. Primary production
in grazed and ungrazed
communities of eastern
Idaho.
Ecology 46: 278-285.
1966. Primary
Oikos 15: 211-228.
5.2.9.5.

Total

Budget:

'$10,955

productivity

in a northern

desert

plants
climatic
desert

area.
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5.2.10.

Project

The Effects
of Environmental
Fa.ctors on Rates
Production of Two Desert Grass Species.
Leader:

Where Conducted:

of Primary

Gary'L. Cunningham, Assistant
Pr~tessor
of Biology,
Biolo.gy Department-. 1 New Mexico State University,
Las Cruces,.New Mexico 88001
Jorriada

and the laboratory.

Abstract:·
The net primary production
of two desert grasses will be determined
by measuring the co2 uptake of intact pla.nts under various s imul :itcd
field conditions
of irradiance,
temperature,
air and soil wa~er
potential.
These values will be used in a predictive
model for the
contribution
of these spec~es in the overall
ecosystem.
5.2.10.1.

Objectives

The objective
of the proposed research
is to develop models
which wi:ll allow the prediction
of rates of net primary production
of
Tridens pulchellus
and Trichachne californica
from environmental
data.
These predictive
models can then be incorporated·into
the overall
ecosystem model so that the contribution
of these two s·pecies to the
total net primary production
can be assessed from values for standing crop
and environmental
data.
5.2 .. 10.2.

Procedures

Rates of net CO2 exchange will be measured under various
combinations
of irradiance,
temperature,
air.water
potential,
and soil
water potential.·
Assimilation
will be evaluated
for a given quantitj
of
CO2 uptake.
Regression
equations will then be developed to predict
COz
uptake and ~ssimilation,from
levels and durations
of·the environmental
variables.
The p,redictive· value of the equations will be tested using
production
and environment data from the Jornada validation
site.
(Production
terminology
that of Larcher,
1969.)
Plants will be brought into the laboratory
and established
in soil
from their natural
en~ironment in controlled
environment chambers.·
The
controlled
environment chambers will be used to maintain the environment
of the plants similar to that on the validation
site.
Rates of net CO
exchange under various combinations
of the environmental
variables
wil1
be measured in the laboratory
using a differential
infrared
gas analysis
system (Cunningham and Strain,
1969a).
An acrylic
plastic
gas analysis
chamber will be constructed.
The chamber will allow independent
control
of irradiance,
temperature,
and relative
humidity.
Irradiance
will be
provided by a water filtered
cool beam lamp. Irradiance
will be varied
by ::ilted.ng
the distance
between the lamp and the ,Plants in the chamber
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and by use of neutral density filters
(Cunningham and Strain,
1969b),
The
chamber will be equipped with a fan and radiator
to provide air movement
and aid in temperature
control.
Temperature inside the chamber will
be controlled
by circulating
coolant from a water bath through the
radiator.
Relative humidity within the chamber will be controlled
by
circulating
air in the chamber through a water vapor trap held at the
appropriate
dew point.
•
Soil water potential
will be monitored with soil thermocouple
psychrometers
(Rawlins and Dalton, 1967).
A range of soil water
potentials
will be obtained by allowing the plants to deplete the soil
water supply at rates as comparable as possible
to those in the field.
The use 6f. laboratory
rather than field measurements of net CO2
exchange will greatly reduce the.expense
of the measurements.and
allow
a greater range and variety of combinations
of the environmental
variables
to be evaluated,
Field measurements of net CO2 exchange in desert
environments require more elaborate
and expensive equipment than <lo
laboratory
measurements.
Portable
power supplies,
adequate shelter
and
cooling for instruments,
and more effective
chamber environment control
are necessary in the field (Strain,
1969).
Also more personnel are
necessary to gather field data than are needed for comparable laboratory
measurements.
Less time is ."needed to get laboratory
measurements of an
adequate number of combinations
of the environmental
variables.
Because
of the similarity
of environmental
conditions
from day to day in the
field,a
great deal of nonessential
repetition
of measurements results.
This repetition
greatly adds to the time and expense of· the project.
The major objection
to laboratory
measurements of net CO2 e·xchange
rates has been the unnatural
root environment of laborato_ry grown
plants.
With shallow rooted species,
such as those which will be used
in the proposed study, the riatural root en~ironment can be closely
simulated in the laboratory.
This will be done by growing plants in
soil from the validation
site and maintaining
a large soil to root
volume ratio.
The plants will be allowed to deplete soil 111oisture s_lowly
so that water stress will develop at rates comparable to those in the
field.
This technique has been used successfully
to simulate natural
root environments of desert shrubs (Cunningham and Strain,
1969a).
The data obtained from the laboratory
co2 exchange measurements will
be used to develop multiple
regression
formulas relating
net CO2 exGhange
rates with the environmental
variables.
This technique has recently
been used with great 'success to predict
rates of net co2 exchange for
_
Encelia farinosa
from environmental
data (Cunningham and Strain,
1969a)~
The plants used £or the CO2 exchange measurements will be.subsampled
before and after a series of net co2 exchange rate measurements for
.
biomass and calorie
content determinations.
At the end of a given series
of net CO2 exchange rate measurements,
the total net co2 exchange for the
measurement period will be calculated.
It will then be possible
to relate
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a given amount of net CO2 exchange with a given biomass or calorie content
increment (Larcher, 1969). Net CO2 exchange rate measurement periods
will probably need to be one to two weeks in length in order to get
significant
biomass and calorie content changes.
Of course, CO2 exchange
must be monitored continuously
during the measurement period.
Using environmental data which is now being collected
on the
validation
site, it will then be possible to calculate
expected total
net co2 exchange for the measured species on the site by summing rates
over time intervals
for the various combinations of levels of the
environmental factors.
The total net CO2 exchange calculated
for any
period will then be used to estimate biomass or calorie content increment
for that period on the validation
site.
These estimates will be tested
against actual calorie content and biomass increment measurements being
made on the validation
site.
5.2.10.3.

Expected Results

The expected results
are, as stated in the objectives,
a
set of multiple regression
equations which will allow prediction
of net
CO2 exchange rates,
as well as biomass and calorie content increments from
radiation,
temperature,
air and soil water potential
data.
This
information will be an important component of the desert ecosystem model
since it will allow a continual estimate of production by these two
grass species.
The data obtained should also provide valuable information
on the effects of the measured environmental variables
on net primary
production of these desert grass species.
The techniques used in the
presently proposed study can be extended to develop similar submodels
for other species.
This can be done if other species are found to be
important to the overall ecosystem model with a minimum of additional
effort and expense.
5.2.10.4.

Literature

Cited

Cunningham, G. L. and B. R. Strain.
1969a. Ecological significance
of
seasonal leaf variability
in a desert shrub.
Ecology 50: 400-408.
Cunningham,. G. L. and B. R. Strain.
1969b. Irradiance
in a desert shrub.
Photosynthet:!.ca 3: 69-71.

and productivity

Larcher, W. 1969. Physiological
approaches to the measurement of photo=
synthesis
in relation
to dry matter production by trees.
Photosynthetica
3: 150-166.
Rawlins, S. L. and F. N. Dalton.
1969. Psychrometric measurement of soil
water potential
without precise temperature control.
Proc. Soil Sci.
Soc. Amer. 31: 297-301.
Strain, B. R. 1969. Seasonal Adaptations in photosynthesis
and respiration
in four desert shrubs growing in situ.
Ecology 50: 511-513.
5.2.10.5.

Total

Budget:

$17,294
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5.2.11.
Project

Rate of Transport
Leaders:

Where Conducted:

of Photosynthate

Arthur Wallace
Rock Valley,

of Root Systems of Desert

Shrubs.

and Samuel Bamberg

Nevada

Abstract:
Rates of root growth and loss of roots, and standing root biomass
will be measured by cl402 tracing and measurement, for Franseria
dumosa,
Larrea divaricata,
and other important shrub species as time permits.
The
. dat~_will help dete~mine rates of production and an accurate assessment
·of annual productivity.
Additional
information
for underground storage
of photosynthate
will be obtained in relation
to root loss during dormant
seasons.
5.2.11.1.

Objectives:

To develop information which can be used to determine or estimate
the amount of annual underground root growth or storage in some principal
perennia 1 shrub spec:i.es for which primary productivity
must be known for
the desert biome studies.
Standing root biomass, rates of root growth, and
rates of loss of root biomass in dormant seasons are to be determined for
important species.
5.2.11.2.

Procenures:

These studies will be made in the general area of the Rock Valley
IBP validation
study site so that the many and detailed
environmental
measu.rements being made there can be used in the evaluation
and interpretation
of the present data.
Two major techniques
are to be involved.
One is excavation
of mature plants in the field and the other is labeling
the plant i:;hotosynthate with cllfo2 and tracing the amounts· transported
to various plant parts including roots.
Exposure of leaves to c1402
(in plastic
enclosures)
will be made.at.appropriate
intervals
throughout
the growing season.
Amount of c14 fixed will be ascertained~and
in addition
a value for apparent net photosynthesis
will simultaneously
be obtained with
Siemen's null-point
gas exchange equipment.
This equipment is designe·d
to measure both net CO2 uptake and H20 liberated
in transpiration
in ~he
field at ambient conditions
of temperature,
CO2 content,
and relative
humidity.
A compensation system is. spe'cially
built;: to maintain the lucite
test chamber at those conditions.·
The equipment js• on hand, portable,
and
operable.
These values from the Siemen's equipment as well as those of •
the specific
activity
of the cl402 that is fixed and the amount fixed will
be needed for interpretation
of results.
At least three pla~ts will be
exposed for three different
time periods (seasonal)
in the ·growing season.
Distribution
of the c 14 into flower parts,
seeds~ and in leaves (periodically)
will,be
determined.
When root systems are excavated,
the gradient
of
cl4 in new and old stems and new and old roots will be determined.
Ratios
of the various plant parts to roots will also be determined.
Excavations will
be made in summer, fa 11, and winter following exposure to cl402 to . ·,.·•..-:.:·,.'!
ascerta~n.
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respiration
values (by c14 loss following original deposition)
as well as
transport
values.
A number of nonlabeled plants will simultaneously be
excavated to check the shoot:root
ratios and to provide statistical
limitations
for them by a study of least mean squares.
Rates of oxygen
uptake by roots will be determined seasonally from plant roots collected
in the field by a Clarke oxygen electrode to serve also as a method of
checking the biomass loss from roots by respiration.
These values can
be compared with those from the cl4 losses.
Species to be considered during the first year include Franseria
dumosa first,
then Larrea divaricat~.
It is expected that assessment in
more than one year is needed?and Grnyia SEinosa, Krameria parvifolia,
and Lyci~ and~!22.!!li eventually should be considered.
These are the most
important perennial shrubs in the Rock Valley area.
cl4 assay will be made of materials
well-counting
system which is available.
5.2.11~3.

with a liquid-scintillation

Results Expected:

Standing crop biomass data for root systems of woody perennial
shrub species will be obtained from the study. These data are also
essential
for validation
study efforts.
Procedures will be worked out
so that root biomass can be estimated from dimension analysis data or
from some other set of measurements.
The procedures hopefully will be
usable in other study areas,
In addition
to root biomass information,
data are to be obtained which will indicate seasonal rates of root growth,
of underground storage of photosynthate and also of root biomass loses by
means of respiration
during dormant seasons.
These data will help
determine rates of production and an accurate assessment of annual productivity.
5.2.11.4.

Literature
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Project

Rates of Gaseous CO2 and H20 Exchange in.Mojave and Great
Basin Shrub Species.
Leaders:

Where Conducted:

Arthur Wallace, UCLA, Principal
Investigator;
Samuel Bamberg, University
of Nevada.
Laporatory

of Nuclear Medicine and Radiation

Biology,

ucµ
Abstract:
Accurate determination
of CO2 exchange and H2o loss from desert
shrubs will permit an indirect means of measuring net primary productivity under natural.conditions
of leaf water potentials,
temperatures,
ages, and times of day and.season,
and manipulated conditions
of high
and low moisture, and addition of nutrients.
These data will be used
for the predictive
model for energy fixation
and primary production.
5.2.12.1.

Objectives:

Rates of net photosynthesis
and rates of transpirational
water
loss under field conditions are to be determined under various natural
and manipulated condition_s.
Data are to be used in part for modeling
and predictions.
Qualitative
and quan·titativ-e information relating
to factors regulating
carbon dioxide assimilation
and transpirational
water use is to be obtained on daily, seasonal, and annual bases for
important species.
5.2.12.2.

Procedures:

Adapted Siemens null-point
gas exchange equipment will be used to
determine seasonal and diurnal patterns
in co2 exchange for several
important Mojave and Great Basin Desert shrub·species.
Frnnseria
dumosa and Larrea divaricata
will be considered first.
Further efforts
will be concentrated
on Krameria parvifolia,
Lycium andersoni.i,
and
Grayia spinosa.
Equipment is on hand; it makes possible measurements.
for apparent photosynthesis
and transpiration
in the field at ambient
field conditions
of temperature,
relative
humidity, and CO2 level.
It
has a built-in
system to compensate for changes in these three factors
to maintain them at the ambient levels.
The null-point
system is used.
The Siemens equipment that we have on hand has been mo<lified to make it
fully automatic.
It is being successfully
operated and is in the process
being installed
in a trailer
so that it can be fully portable.
Goals
include determination
of apparent photosynthetic
rates unGer conditions
of low and high leaf water potentials,
of low and high air <::emperatures,
of new leaves vs old leaves, of time of day, of different
environmental
conditions
(cloudy, windy, soil temperature,
moisture) and in different
seasons of the year.
Simultaneous transpiration
rates are also to be
measured so that a comprehensive set of data on factors influencing
the
rate will be developed.
These data will be used together with direct
production methods to provide criteria
for use of gas exchange as a
means of indirectly
measuring primary productivity.

of

.......
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Nitrogen, phosphorus, and water additions are to be studied singly
and together as I!leans of modifying rates of plant growth in the desert,
and rates of CO2 exchange and transpiration
will both be measured on
•
these plants.
The water level on appropriate
plots will be kept between
one bar and field capacity throughout the year.
Nitrogen (NH4N03) and
phosphate (superphosphate)
will be added to the soil surface at rates
of 100 or 200 kg/ha and with and without irrigation.
Actually these
specific
treatments are already under way1and the plant materials
can
easily and with very little
additional
cost be used for CO2 and H2o
exchange measurements.
CO2 and H2o exchange of annual plants will also
be measured each year and rate of growth by direct measurement will
also be determined for comparison.
Water status of plants and soils
will be monitored by thermocouple psychrcmeter methods and rates of
water use (null-point
analyses) will be determined for the experimental
conditions and the control plots.
Nitrogen, phosphorus,and other mineral analyses will be made of
appropriate
plants and plant parts by Kjeldahl and emission spectrographic
techniques so that data can be correlated
with those variables.
All studies will be made in the general area of an IBP validation
study site at Rock Valley in the Nevada Test Site, where environmental
variables
will be continuously monitered,and
these data will be
available
also for this study.
The studies will be somewhat similar,
but with different
plant
species,
to some of those conducted by M. M. Caldwell and colleagues
Utah State University.
5.2.12.3.

at

Expected Results:

It is expected that the data obtained will provide means of helping
to estimate the primary productivity
of some major plant species in
the biome and will provide important information relatfng
to water use
and cycling as well as quantitative
information concerning the factors
regulating
water use and co2 use.
Information on the fundamental
characteristics
of plant species from the desert can be obtained
from the data.
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5.2.13.

Root and Shoot Growth of Grayia

Project

Leaders:

Where Conducted:

spinosa

and Hilaria

jamesii,

Principal
investigator:
Paul T. Tueller,
Associate
Range Ecologist;
Allen D. Bruner, Research Associate
Range Management;
Hot Creek Valley,

in

Nevada

Abstract:
Measurements of phenology, soil moisture,
air. and soil temperature,
wind movement, sap flow, and plant moisture stress are being made in Hot
Creek Valley, Nevada, in cooperation
with the Atomic 'Energy Commission.
Root and shoot growth of Grayia spinosa and Hilaria
jamesii will be measured
and related
to 'these parameters.
Quantitative
expressions
of growth increments will be provided for the predictive
model of the Desert Biome analysis.
5.2.13.1.

Objectives

5.2.13.1.1.
To investigate
root and shoot growth of Grayia 2-_PinoE
and Hilaria
iamesii in relation
to ·soil temperature,
air temperature,
~oil
moisture,
precipitation,
sap flow movement, plant moisture stress~and
,phenology.
Grayia spinosa is widespread ~hroughout the cold desert.
Hilaria
jamesii is found over the southern half of the cold desert.
They
both constitute
important dominant species in a variety of habitat
types.
organs

5.2.13.1.2.
To investigate
dry matter accumulation
by vegetative
in relation
to the environmental
parameters
listed above.

.predictive

5. 2. 13. 1. 3. To provide da.ta on rates of growth increment
model of the Desert Biome IBP analysis.

5.2.13.2.

for the

Procedures

Detailed measurements of phenology, soil moisture,
and air
temperature
will be made routinely
as part of a continuing
ecological
research·project
in Hot Creek Valley sponsored bi the Atomic Energy
Commission.
At least three separate' plant associations
in Hot Creek
Valley contain Grayia spinosa as either a dominant or co-dominant in the shrub
layer.
Likewise, several plant communities in Hot Creek Valley are partly
characterized
by the presence of Hilaria
jamesii as the domtnant herbaceous
plant in the understory.
Actual study locations
will be selected within
these communities at sites near our three weather stations
and where
destructive
sampling, including
root excavation,
can be conducted.
In addition
to weekly phenology, soil moisture~and air and soil
temperature,
we will also be making periodic
measurements of sap flow
movement using the heat pulse technique.

..........
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Shoot production of Grayia spinosa will be obtained by harvesting
even aged plants.
A number of plants will be cut. at ground level and aged
in order to select a sample of at least 5 plants per date that are of
approximately the same age. Leaves will be stripped completely from the
stem and weighed.
Current year's stems will be separated and weighed and
finally,
the remaining stems will be weighed.
Prior to weighing, all plant
material will be oven-dried at 105° for 24 hours.
Reproductive and vegetative culms and seed heads of Hilaria jamesii will be separated,
oven-dried,
and weighed at several phenological
stages.
A sample of at least 10 plants
will be obtained per date.
Proportions
of total production attributed
to
a given plant part will be computed. A leaf area index will be determined
for both species at several. of the phenological
stages.
Root growth and production will be determined primarily by
excavation techniques.
A backhoe mounted on a 4-wheel drive truck is
available
in Hot Creek Valley and will allow the excavation of plants
at a number of sites with relative
ease.
Several plants of a similar age
will be excavated at each selected phenological
date.
Pure stands of Grayia spinosa will allow a sub-sample of given
soil volume units to be excavated or cored in order to determine root
biomass in the community. An attempt to determine individual
root
biomass will be done by entire root excavation.
As an alternative
procedure, root growth will be observed by opening trenches alongside
several plants.
The trer.ch w:111 would be sprayeJ v:ith carbon black,
covered with burlap, then back filled.
Later observations
would
consist of opening the trench, removing the burlap covering, and
measuring the root growth.
In the case of Hilaria jamesii,
entire sections of roots as·sociated
with portions of clones will be excavated, oven-dried,
and weighed.
These weights will be related to shoot production of the same portion
of clones and shoot-root
ratios will be computed.
•
5.2.13.3.
as related

Expected Results

5.2.13.3.1.
Root growth by weight and sequential
measurements
to phenology and climatic factors in Hot Creek Va.Hey.

5.2.13.3.2.
phenology and climatic
relation
moisture

Shoot growth by weight of plant
factors in Hot Creek Valley.

part

as related

to

5.2.13.3.3.
Quantitative
expressions
of growth and biomass in
to soil moisture levels, soil and air temperature,
temperatureinteractions,
sap flow, and phenological
stage of development.

5.2.13.4.

Total

Budget:

$10,136.
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5.2.14.
Project

Q_rowth and Productivity
of Winter Annual Plants
Moisture and TemEerature on the Mojave Desert
Leader:

,Samuel A. Bamberg·, Desert Research

as a Function

Institu_te,

of

Reno

Where Conducted: Mojave Desert
Abstract:
An analysis of the p·roductivity
of desert winter annuals is proposed.
Plots will be established
to measure germination,
growth rates, productivity,
and seed production as a function of moisture and temperature regimes, bot~natural and manipula~ed.
Annual productivity
will then be related to concurrent work on mammal ~nd invertebrate
reproducbve
processes.
5.2.14.1.

Objectives

This study is designed (1) to determine the rates of germination,· vegetative
growth, and seed production of deser.t annuals, as a
function of seasonal precipitation
and temperature regimes, (2) to relate
plant growth to biomass productivity
-on a regional basis, and (3) to
determine the amounts and nutritive
value of greens and s~eds-prod~ced,
for relation
to small mammal reproduction
and invertebrate
populations.
This study will thus provide ~ata for the IBP predictive
model correlating
annual plant productivity
both with animal population growth and with abiotic
processes.
5.2.14.2.

Justification

Annuals form a vegetational
component on the Mojave Desert
with a germination and growth response intimately
related to rainfall
amounts
and duration,
a_nd to temperatures
(Beatley, 1967; Went, 1949). These are
predominantly winter annuals which germinate in.response
to rains in
September through late January, and grow on through the spring until
,
decreasing moisture and increasing
temperatures
cause cessation of growth.
After germination,
annuals show a great plasticity
of growth and seed
production.,. depending on subsequent rains and heat regimes (Lewis and Went,
1945;,Evenari
and Gutterman, 1966).
In year~ of good growth, the annuals contribute
a large proportion
of the plant biomass production,
in early spring before perennial growth,
thus providing
important food materials
for other. components in the desert
ecosystem, small mammals in particular.
(Mauer aud Bradley, 1966; Beatley,
1969.) The seeds of annuals are collected
also by ants and beetles,
and
insect larvae fP.ed on plant leaves and stems.
5.2.14.3.
and within

eA<"h

Procedures
Several representative
areas will be selected for sampling,
a-rea plot-s wi.11 be sele("ted and stratified,
since the numbers

5.2.14.-2
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of annual plants varies extremely between shrubs on desert pavement, washes,
and ground ~md beneath shrubs.
We t-1ill make replicate
plots for determination
of germination and for sequential
sampling for growth and productivity
throughout the growing season.
The plots will be analyzed for species
composition by random ranking of subsamples.
For sequential
plant growth we will sample whole plants, both shoot
and root, and determine wet and dry weights.
The plants, which are periodically harvested,
will be separated into roots, stems, leaves, and fruits,
for
seed production.
The same dried samples will be analyzed for nutrient
value
by bomb calorimetry
and elemental analysis.
Since many annual plants produce seed throughout an extended period of
time with dry empty fruits,
maturing fruits,
and flowers on the same plant,
total seed production will be calculated
from subsamples both on individual
plants and on plots from the sequential
sampling.
Gaseous exchange rates for co2 and water will be measured using a nullpoint Siemens gas exchange apparatus and climatized
curvettes on individual
planss.
From these measurements, net photosynthesis
can be calculated
and
correlated
with direct plant growth data.
Plot manipulations
for comparison against control plots will include
irrigation
and sprinkling
to m·aintain soil moisture tensions of less than
one bar throughout the spring.
Plots will also be artificially
thinned to
specific densities
and species composition for comparison of productivity
and seed production.
of Mercury and Rock Valley
This study will be conducted in the vicinity
where
large
sample
areas
and
irrigation
equipment is
at the Nevada Test Site
essential
meteorological
parameters
will
be monitored
already available.
The
Soil
moisture
will
be
determined
at
the
specific
on the validation
site.
plots.
5.2.14.4.

Expected Results

We expect to find that the amounts and rates of annual plans
productivity
fluctuate
greatly,
in response to different
moisture and
temperature regimes.
We hope to determine the relative
importance of
temperature and moisture, and magnitude of annual plant growth and seed
production and correlations
between the amounts of annual productivity
and small maimnal and invertebrate
reproductive
success.
5.2.14.5.
Beatley, J.C.
Desert.

Literature
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$11,376

of rain

and

P-71

5.2.15.-1

5.2.15.
Project

Root Biomass Develooment
Leader:

Where Conducted:

Howard J. Dittmer,

in the Sonoran Desert
University

of New Mexico

Sonoran Desert

Abstract:
This study proposes to determine the rate of root growth in several
species of desert perennials
in relation
to top growth, and the soil
parameters
of temperature,
chemistry,
and moisture.
We expect to provide
information
on the periodic
growth rates of roots and total biomass
produced for the _Desert Biome model.
5.2.15.1.

Obiectives

To. determine the rate of subterranean
development of plants
in the desert biome as a function
of soil temperature,
moisture,
chemistry,
and the associated
organisms in conjunction
with other studies.
The extent
of growth, fresh and drv weight of the subterranean
organs in relation
to the
toos, will be determined and comparisons of the dry weight will be made for
these plants with those of more mesic environments.
This should be done,
since our earlier
studies indicate
that plants of xeric habitats
are much
more fibrous
th~n those of mesophytes.
5.2.15.2.

Justification

Investigations
of· the root systems and associated
subterranean
parts need to.be made to determine the unique characteristics
which enable
them to survive under conditions
of minimum moisture in soils cf high alkalinity,
few nutrients,
and in climates
of daily,
and often seasonally,
great
temperature
variations
(Dittmer,
1959; Pearson-, 1965).
It has been fairly
adequately
determined that physiological
factors
play a prominent role in
the adaptability
of plants to xeric habitats;
however, relatively
little
quantitative
data is available
indicating
their relationships
to the
microorganisms
in the soil,
the plant root associations
with members
of the same species,
and to those of other nearby species.
5.2.lS.3.

Procedures

Direct observations
of the subterranean
parts will be made
by use of the ternch method, as used by the writer in earlier
studies,
and
through the use of s_creens fior more thorough collections
as employed by
Pearson (1965).
Core samples may occasionally
be used with screening
of
the debris and flotation
to separate
the solid organic materials
from the
inorganic
soil particles.
Measurements in the field will be made by means of a steel tape and vernler
calipers.
Roots. ~ollected
will be stored in plastic
bags or jars for
transportation
to the laboratory
for weighing·and
drying.
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In most cases the amount of root growth will be ascertained
for each
10 cm depth below the surface to 40 cm or more if necessary.
The percentage of root organic material at each level will also be determined
by weight.
Collections
of the subterranean
parts will be examined in the laboratory
misroscopically
and measurements, by means of an occular micrometer, will be
made where feasible.
Seeds from mature plan.ts will be collected
for future growth and observation in the laboratory.
Under g.reenhouse conditions
rapid assessment of
growth will be determined.
(Previous studies on desert curcubits showed a
rapid growth under greenhouse conditions.)
Annual linear growth increments may be determined for some species
by the color of the roots or by the use of aluminum tapes or soft tin as
described by Weaver and Zink (1946).
For meaningful determinations
of annual growth, samplings will have to
be taken at weekly or monthly intervals
throughout the growing season.
This
will be possible for some species in the Albuquerque area.
Greater intervals
will be necessary for species in the Jornada del Muerte area and for those
planned in Northern New Mexico. Early summer and midwinter observations
can be made for some species irt the Tucson basin,
Species

which the writer

has ready access

Distichlis
stricta
Descurainea pinnata
Gutierrezia
sarothrae
Artemisia tridentata
Sphaerlllcea oarvifolia
Artemisia frigida
Chr¥sothamnus nauseosus
Other species

to include:

Eurotia lanata
Oryzopsis hymenoides
Opuntia arborescens
*Chilopsis line:-atis
Fallugia pat;cdoxa •
*Larrea divaricata
*Fouguieria splendens

could be included

if

time is available

to reach

the area.

Soil temperatures
are normally taken at several depths by means of a
steel pointed soil thermometer.
The soil structure
may be determined by a
series of graduated sieves and the amount of precipitation
obtained from
weather bureau records.
5.2.15.4.

Expected Results

We exoect to find the rates at which root growth occurs
in response to environment factors,
and to find that roots make up 30 to 60
% of the total plant biomass on the Sonoran Desert.
5.2.15.5.

Literature
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5.2.16.
Project

The Role of Annual Grasses and Forbs in Nutrient
of Great Basin Plant Communities.
Leader:

Where Conducted:

Cyrus M. McKell, Professor,
University.
Northern

Great

Range Science,

and Energy Cycles
Utah State

Basin.

Abstract:
In seasons of excess precipitation
populations
of annual weedy species
increase
in great abundance in desert plant communities.
Such increases
in biomass tie up a considerable
portion of the nutrient
capital
of the
desert ecosystems and may limit growth of perennial
herbs and shrubs.
The magnitude of nutrients
and energy in the organic matter. of annual species
is not well known nor is the rate of mineralization
which releases
nutrients
back to the pool of available
nutrients
in the soil.
Measurements of biomass
and chemical composition of species under normal and artificially
moistened
conditions
will be carried out.
Rate and amount of decomposition
or organic
matter from annual species will be studied ·and correlated
with the growth
and function of associated
shrubs.
5.2.16.1.

Objectives:

To clarify
the function of such annuals as Bromus tectorum, Teniatherum
asperum, Erodium sop. and others in the utilization
of unseasonal and "excess"
precipitation.
Further,
to assess the magnitude of nutrient
tie up in
short duration cycles and the time required for the release of nutrients
and energv through mineralization.
Finally,
to correlate
the short term
or opportunistic
productivity
represented
by the expansion of annual plant
populations
with longer term cycling patterns
represented
in shrub and
animal ponulations.
5.2.16.2.

Justification:

Recovery of desert vegetation
from disturbance
is slow and not always
predictable.
During periods of favorable
environment annual grasses and
£orbs appear in great abunda_nce. These annual' plants are often seen as
opportunists
or invaders in desert ecosystems, (Piemeisel,
1995; Hulbert,
1955).
In spite of their high productivity
in the Great Basin annuai species
are not too dependable as a forage resource
(Plaft and Jackman, 1946; Laycocl:,
1961) -nor for other man-based values.
Abundance of annual species appears
to be in relation
to the degree of disturbance
in many sites and as such
a portion of the potential
productivity
may be taken up by these less desirable
less dependable annuals.
The occurrence of fire in areas where Bromus
tectorum was present has. resulted
in greater abundance of the annual species
particularly
B. tectorum because its seAds are seldom damaged by fire (Pech:~'":CC
and Stewart, 1944).
Annual species are ideally suited to take over any
available
snace when natural
or man-made disturbances
such as over grazing
occurs.
The "explosion"
of annual populations
during periods of favorable

5.2.16.-2
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environmental
conditions
tends to keep a plant community closed, even to
the regeneration
of climax species.
How this phenomenon operates is not
completely clear,
although considerable
work has been done in years past.
Several reasons have been proposed as to how the annual invader species
are successful
in retarding
the gro\vth of perennial
plants.
In ec·ological
studies of B. tectorum (Hulbert,
1955; Klemmedson and Smith, 1964) the
dense standi and complete utilization
of soil moisture during spring periods
of precipitation
are given as reasons for the success of shallow-rooted
annuals over deeper-rooted
perennials.
In years of below average precipitation
stands of annual weeds are not as dense as periods of favorable
moisture
but the degree of soil moisture removal is just as complete.
Field observations
indicate
that when favorable
growth conditions
follow a year of abundant annual plant growth.there
is a smaller volume
of biomass of weedy annual species than in the previous year.
Growth of
perennial
shrubs and herbaceous species does not appear to be as luxuriant
which suggests that a factor (s) other than water is now limiting.
.
r.arcia and McKell ·(1970) showed that shrubs contain a relatively
large
amount of nitrogen pool of a desert wash ecosystem in their roots,
stems,
and leaves.
Very little
nitrogen was available
in the soil below
2 inches or in interspace
areas.
The most favorable
area for nitrogen
was immediately under the shrub canopy.
5.2.16.3.

Procedures:

Field study sites will be established
in plant communities which have
und~rgone past disturbance
and have been invaded by weedy _annual species.
Three species:
~- tectorum, .!'._.asperum, and Halogeton glomeratus will
be chosen for initial
study but other annual species present in the study
wites will be included.
•
Total biomass of each species in the study plots will be determined
yearly using a weight-estimation
technique
(Pechanec and Pickford,
1937).
Composition of annual species will be determined by hand-separating
clipped
samples.
Chemical analyses will be performed by N, P, K, Ca and total energy
on top and root samples of annual species and on dominant associated
shrubs
and perennial
herbs.
Environmental
factors
such as temperature,
precipitation,
and soil
moisture at the study sites would be monitored through the growing season.
In addition,
soil samples would be analyzed for N, P, K, Ca, total salts
and f>H.
The relative
disappearance
rate of litter
will be determined by assessing
the total organic matter deposited
on the soil surface at the end of the
growing season minus the amount that remains just at the beginning of the
growing season.
The mineral composition of litter
in various stages of
decomposition will also be studied.
Longevity of litter
components will
be subject to analyses using carbon 14 or other suitable
tracer elements
to determine the length of time required
for breakdown.
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The soil on study sites will be sampled at various depths for its
mineral composition in relation
to the abundance of annual species in a
year of high density and in subsequent years.
5.2.16.4.

Literature
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5.3.1.

Vertebrate

Studies

General

As with the plant-process
studies,
the vertebrate
studies herewith
proµosed are bas.ed on species recognized as being important on one or more· ·,:
of the proposed validation
sites,
and on animal processes which are obviously
important in moving, or changing the state of, energy and material.
These
were given in Sub-section
12.3.4. of the Research Design and are listed
again below:

5.3.1.1.
a function

Distributional
pattern
(including
territorial
behavior
of population
density,
food availability
and environmental

as
factors.

5.3.1.2,
Quantity and composition of food consumed, for each age
and sex class, as a function of available
quantities
of different
classes
of food, environmental
factors,
parasite
load and ~istributional
pattern.
S. 3, 1. 3. Growth change in biomass, including ,tat content
of individuals
in different
age and sex classes,. as·· a function
consumption, parasite
load, and environmental
factors.
5.3.1.4.
Excretion in different
of food consumption and other factors.

age and sex classes

and development·
of food

as a function

5.3.1.5.
Mortality
(other than predation)
in different
age and sex
classes as a function of nutritional
status,
environmental
factors,
parasite
load, and disease.

5.3.1.6.
nutritional

Reproduction
in different
age classes as a function of season,
status,
distributional
pattern,
and environmental
factors.

In addition,
the restriction
to herbivorous
forms accounts for the
lack of any projects
on carnivorous
birds and mammals, and on reptiles·.·
In the final selection
of projects,
we have given particular
consideraticn
to demographic studies on the grounds that t~ese will pose some of the
••
more difficult
measurement problems, and will .constitute
some of the longer-· • •
range studies.
Some consideration
is also given to individual
growth studies,
because growth patterns
are poorly known for desert species.
In the case of bioenergetic
processes,
certain
priorities
have also
been assigned.
Food intake, and its subsequent budgeting in the animal,·
is of course important becaise it represents
the inputs from other subsystems.
In the case of food intake,
two aspects are important.
First,
since our·: •
goal is to predict pathways of energy and material
flow, we must be able " • •• •
to predict what foods an animal will eat, given a certain range of material
'·
from which to choose.
This requires
a knowledge of the degree to which
the animals' diet is determined by selectivity
or prefe:i;ence, and the degree •
to which it eats at random from that which is available.
In sh?rt, we

• -'•
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must be able to predict not only which constituents
the animal eats, but
also their relative
proportion in t4e diet.
The qualitative
food-habits
proposals herein are designed with these points in mind.
The second aspect of food intake is a need to predict the total quantity
of food ingested.
Although the growth of nutritional
knowledge may eventually
demand that this intake be studied in terms of nitrogen or other elemental
needs, contemporary ecology tends to consider food intake in terms of energy.
Indeed, since one of the Bi0me objectives
is to model energy flow, the
study of this aspect is relevant despite possible future ex.tensions into
more complex nutritional
considerations.
The bioenergetic
budget on an individual
animal is der.ive~, from four
parameters (actually
processes),
any one of which can be: calculated
if
the other three are known. These four are (1) food intake,
(2) excretion,
(3) respiration,
·and (4) production including growth and reproduc.tive products.
The quantity of food ingested by an animal over a period of time is quite
difficult
to measure directly,
and we have elected to calculate
this parameter
from a·knowledge of the other three.
We can, and propose to, measure excretion
rates (or assimilation
rates) directly.
Growth and reproductive
parameters
can be measured directly,
and the remaining unknown is respiration
rate.
Our operating philosophy on respiration
rates in that the relationship
of this parameter in an animal of given body size to its ambient temperature
has been sufficiently
developed that we can predict those rates,for
the
desert species,
given the temperature of their micro-environments.
At
least,
the errors involved in the use of existing formulae would be far
below the errors we are likely to incur in the demographic measurements.
Hence, we have de-emphasized studies of respiratory
metabolism.
It will
be necessary,
however, to know fairly precisely
the microclimatic
temperature,
and this requires not only that we measure those temperatures but also
know the periods of time an animal spends in different
micro-niches,
e.g.,
above ground and in burrows.
For this reason we have given some attention
to diurnal activity
cycles through the year, and the insulation
of the
micro-niche.
Again as in the case of the plants, we will eventually be aple to
construct a species-process
matrix depicting
the full need for vertebrate
process studies,
and the present proposals could be shown in the context
of this overview.
Completion of such a matrix must await a firmer species
list which will be supplied by the initial
inventories
on the validation
sites.
There is no doubt, however, that the species and processes included
in the present proposals will fall within the total modeling need.
Proposals for 1971 process studies on vertebrates
were in part carried
over from the proposal submitted in 1969, or continued from the limited
program actually
initiated
in 1970; in part they were developed as a result
of invitations
issued in January 1970 (see Appendix 7.1.).
Following review,
ten vertebrate
process studies were selected for incorporation
in this
proposal for 1971. They are listed below, and details
will be found in
the Sub-section
indicated:
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Demography and Individual
Growth of Dipodomys merriama,
Q_. microps, Q_. ordii, and Peromyscus maniculatus .................
Diets,

Food Preferences

Desert

Mammals.........

Models of Food Intake

and Reproductive

5.3.2.

Cycles of Some

..........................................

and Fat Indices

Roden ts . ............................

5. 3. 3.

of Desert

Biome
5 . 3. 4 .

o .............................

Growth, Reproductive,
and Mortality Rates of
Blacktailed
Jackrabbits
(Lepus californicus)
as Functions
of Environmental Factors and Possible Ecotypic
Variations

.......................................................

5. 3. 5.

Relationship
of Reproduction,
Mortality,
and Growth of
Perognathus formosus and other Desert Rodents to
Vegetation Production and Density, an Experimental
Study .............................

Population Structure,
Movements of Certain
Food Habits
Northern

•

Foraging Behavior, and Daily
Sonoran Desert Birds ........................

of the Jackrabbit

Deserts

Comparative

o •••••••••••••••••••••••••••••

5.3.7.

and of Rodents in the

. ................................................

Ecology of Desert

5.3.6.

Ground Squirrels

5. 3. 8.

...................

5.3.9.

Population Studies of the Desert Cottontail
(Sylvilagus
audubonii),
Black-tailed
Jackrabbit
(Lepus californicus)
and Allen's Jackrabbit
(Lepus alleni)
in the Sonoran
5. 3. 10.

Desert . ..........................................................

Pelage and Mi~rohabjtat

Tnsulation

Rodents ..........................................................

of Desert

Biome
5.3.11.
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5.3.2.

Demography and Individual
D. ordii,
and Peromyscus

Project

Leaders:

Where Conducted:

...

Growth of Dipodomys merriami,
maniculatus.

D. microps,

Clive D. Jorgensen;
H. Duane Smith; (2) graduate
research
assistants.
Center for Environmental
Studies,
Brigham Young University,
Provo, Utah.
Laboratory,

Pine Valley,

Curlew Valley,.Rock

Valley

Abstract:
This project will study body-growth rates and demographic character~
ization of Peromyscus maniculatus
and three species of Dipodomys, all
relative
to the factors
that influence
them. Growth rates will be studied
of both captive and free-living
young artimals.
Birth rates will be measured
by collecting
animals of each species periodically
through the year and
determining
by autopsy the litter
sizes and prevalence
of pregnan~y.
Mortality
will be measured by life-table
calculations
in 92,000 m
enclosures.
5.3.2.1.

Objectives

5.3.2.1.1.
To determine the individual
growth rates,
the birth
rates (natality),
and death rates (mortality)
of four important pr1,mary
consumers in the North American deserts:
Dipodomys ordii,
Peromyscus
rnaniculatus,
~- merriami, and~- microps.
5.3.2.1.2.
To determine how these processes
respond to
independent variables,
particularly
macro- and microclimatic
factors
and vegetation
production.
The proposal as~umes close cooperation
with
other studies at selected
validation
sites within the Desert Biome,
whe-r:e meteorological·
.and production
data are available.
5.3.2.2.

Justification

o·

The various species of Dipodornys and the ubiquitous
Perornyscus
maniculatus
are probably the most important species of rodents in the U. s.
deserts
in terms of the amount of energy and material
they move. Their bodygrowth, reproductive,
and mortality
rates are all among the animal processes
which must be studied in order to model the animal components of the desert
system.
This study proposes to provide that information
on four species
important on several validation
sites.
5.3.2.3.

Previous

Work

Some information
is available
on the growth of D. merriami
(Chew and Butterworth,
1959; Butterworth,
1961a), and on sever;l
other
species of Dipodomys (Eisenberg and Is.aac, 1963; Lackey, 1967), but none
is yet available
on~- ordii and~- microps.
Information
on growth of
Peromyscus spp. has been reviewed by Layne (1968).
Prenatal
and postnatal
growth off_. maniculatus
has been the subject of at least fourteen studies.
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There is some information
available
on reproduction
of Dipodomys
spp. (e.g. Duke, 1944; Day g ~-, 1956; Johnson, 1956; Pfeiffer,
1956;
McCulloch & Inglis,
196l);a useful amount of data is available
only
for D. ordii;
Information
on reproduction
of!'..· maniculatus
is given
by Svihla (1932, 1934, 1935), Clark (1937), and McCabe & Blanchard (1959),
but this is principally
for laboratory
colonies and must be used cautiously
in interpreting
field observations.
There is very little
literature
on mortality
studies of small mammals,
and only a fraction
of this provides life tables
(e.g.
Green & Evans, 1940;
Leslie & Ranson, 1940; Leslie et al.,
1952, 1955; Tyndal~-Giscoe
& Williams,
1955; Lord, 1961; Hewer, 1963;Stodart
& Myers, 1964). No life tables have
been developed for Dipodomys; Chew & Butterworth
(1964) and French et al.,
(1967) give some information
on mortality
of~- merriami and~- microps.
Apparently
few Peromyscus individuals
live longer than one year in
the field (Blair,
1953a, b; Burt, 1940; Snyder, 1956; Terman, 1968).
Estimates
of the mortality
of P. maniculatus during a year range fr_om
96-99% (Howard, 1949; Manville7 1949) to 63% (Blair,
1941).
Helmreich
(1969) gives information
on the prenatal
mortality
of!'..· maniculatus
associated
with crowding.
5.3.2.4.

Procedures

Since only limited work has already been done on growth,
natality,
and mortality
of Dipodomys spp. and!'..· maniculatus,
many of the
techniques will have to be developed to conform with the analytical
pi:uccdures used.
The following methods are necessarily
abbreviated
because many of the details
must await preliminary
work.
5.3.2.4.1.

Growth rates

Pregnant females will be captured in the field,
brought
into the laboratory,
and caged individually.
After birth,
the young will be
measured once each day for 21 days, then weekly for 10 weeks, and then
monthly until growth ends,
Standard measurements will be made of:
total
length, ear length, head width, tail length, hind foot length, and body
weight.
Other measurements will be made that can be used in establishing
an index of the age structure
of the popula.tions.
We wi 11 try to include
100 animals in each age measurement.
Growth rates will be analyzed as
instantaneous
growth rates,
as described
by Brody (1945) and Lackey (1967),
and expressed as rates between times of measurement and as percentage
of
adult size.
Growth of animals in the field will also be measured, and this will
allow an assessment of the effect of meteorological
factors on growth of
young after they begin foraging.
Controlled
experiments will be conducted
with females and their litters
in the laboratory,
since factors
such as
temperature,
light,
and food may influence
the rate of growth (Knudson,
1962; Harrison,
1963; Reading, 1966).
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Birth

rates

Natality
and mortality
rates will be determined by
methods similar to those proposed by Caughley (1967), which do not assume
a steady reproductive
rate.
Specimens will be collected
close to the
validation
sites,
Some pregnant females will be kept for the growth
studies;
others will be autopsied
for placental
scars and other evidences
of,reproductive
activity.
Males will also.be
examined.
The collection
of
these samples will be carefully
coordinated
with the growth study sampling,
since both can use the same collections
and both rely on an assessment
of
the age structure
at the time.
These samples will also be coordinated
with
food studies,
since the quality
and· quantity.of
food seems to have a
significant
influence
on reproductive
rates (Negus & Pinter,
1966; French
~ al.,
1967).
Since methods have not yet been developed for breeding Dipodomys
in captivity,
their responses to environmental
factors can only be
assessed in the field.
Both field data and experimental ·data will be
gathered for P. maniculatus,
since this species is rather easily
colonized.
We will try to obtain 100 femal~s from each study site each
year.
An intensive
effort will be made to obtain a complete
understanding
of D. ordii and P. ~~niculatus.
Less intensive,
but
rather complete efforts
will ·be ·made with the other two species of
Dipodomys to determine if they respond to environmental
factors
in a
manner similar
to D. ordii.
Th~ effort
invested in-each species will
be judged individu;lly
as the study progresses.
Natality
information
will be analyzed on the basis of the
reproductive
rate of each age class --as a variable
dependent on
meteorological
changes, density,
and production
values.
Thus,
reliable
population
estimates
will be necessary;
such estimates
can
be made most accurately
on enclosed populations.
5.3.2.4.3.

Death rates

Three important processes
affect population
density:
birth rate, death rate, and dispersal.
In the field it is difficult
to
distinguish
the disappearance
of an individu~l
by death or by emigration
or the appearance of a young individual
by birth on the site or by
. .
.
we propose to use two 92000m2 circular
immigration.
enclosures
to
minimize the effects
of dispersal
in our study.
The enclosures
will be
located close to a validation
site,
in vegetation
similar to that of
the site.
The enclosures
will be located so as to include both D. ordii
and P. 'maniculatus.
f1.ortality rates will be devel?ped
(mortality
rate),
ex (life expectancy),
Mortality
will be measured by recording
within the enclosure)
of animals marked

in terms of the parameters:
qx
and Qx (probability
of death).'
the age at death (disappearance
at the time they entered the
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trappable
population,
but whose births are not necessarily
equal.
The
time of their birth can be estimated by their weight at the time of
first
capture.
Laboratory studies will be made as far as possible
to
determine the direct effects
of some independent variables.
Mortality
for the time from birth until when the young begin to forage will be
measured directly
for young born in the laboratory.
This mortality
in
the field will be estimated as the difference
between the number of
young appearing in the trappable
population
and the estimate of the
number born.
5.3.2.5,

Expected

results

It is expected that this study will provide sufficiently
definitive
measures of natality,
mortality,
and growth rates,
as functions
of independent variables,
to permit the prediction
of energy flow (maintenance
plus secondary production)
for Dipodomys spp. and Peromyscus maniculatus
in the desert biome, particularly
the Great Basin Desert.
5,3.2,6.
Blair,

W. F.
northern
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5.3,3.

Diets, Food Preferences
Mammals.

Project

Leaders:

and Reproductive

Cycles of Some Desert

Terry A. Vaughan, Russell P. Balda and Gary C. Bateman,
Department of Biological
Science, Northern Arizona University,
Flagstaff,
Arizona.

Where Conducted:

Tucson.

Abstract:
This study was initiated
in 1970, and will continue through 1971.
It is primarily concerned with the diets, seasonal food preferences,
and
reproductive
cycles of Bailey's pocket mouse (Perognathus baileyi),
the
bannertailed
kangaroo rat (Q. spectabilis),
Merriam's kangaroo rat (Dipodorr.ys
merriami), and the white-throated
wood rat (Neotoma albigula).
These
mammals are among the mo~t" il'lp'ertant consumers of vegetati.on in many desert
areas in the Southwest,'and
a consideration
of their biology is basic
to an understanding
of productivity
and energy flow in .the desert biome.
An analysis of plant composition will be made at capture sites and will
.provide an essential
background for determining feeding selectivity
of
the mammals.
5.3.3.1.

Introduction

w~·anticipate
that a balanced evaluation
of the feeding biology of
the mammals under study will be facilitated
by considerations
of reproductive
cycles and an analysis of the vegetation.
Because mammals are subjected
to greatly heightened metabolic demands during the period of growth of
the reproductive
organs and·during the breeding season,.a
recognition
of the timing and duration of breeding activity
will bear importantly
on considerations
of annual metabolic patterns.
Reproductive activity
and periods of high density of.young animals are usually associated
with
seasons of growth of plants or of high vegetative
productivity,
and may
involve changes in food preferences
or food intake on the part of herbivorous
mammals. Seasonal changes in food habits may be related directly
to metabolic
changes in the mammals due to reproductive
stresses .. The present proposal
is for one year only.
•
5.3.3.2.

Objectives

5.3.3.2.1.
To measure reproductive
rates of three species of
heteromyids (Perognathus haileyi,
pjpodomys spectabilis,
Q. merriami)
and one cricetid
(Neotoma albigula)
as related to weather, to phenology
of the vegetation,
and to ve~etative
productivity.
of these

5.3.3 . .2.2.
species.

the vegetation

5.3.3.2.3.
at regular

To measure the species

composition

To measure the phenology_and
intervals
through the year.

of the diets

composition

of

5.3.3.2.4.
To relate dietary composition to the available
food base and to determine the degree to which availability
and preferGnce
determine the foods consumed.

5.3.3.-2

P-71

5.3.3.2.5.
To calculate
preference
components of each of the mammalian species.
5.3.3.3.

indices

for the dietary

Justification

In order to model energy and material
flow through the
animal subsystems, it is necessary to be able to predict what an animal
will eat when presented a given array of food items.
This can be done
by studying food habits of animals in areas of known (measured) biota.
Such a study is contemplated here for four species of rodents important
in the southern validation
sites.
Since it will be necessary to collect
animals, their reproductive
status and the resulting
reproductive
rates
can be determined.
These, too, are needed parameters for the modeling
effort.
5.3.3.4.
Oracle

Procedures

The primary study area will be north of Tucson, between
and Florence.
The area supports d~sert scrub vegetation.
5.3.3.4.1.

Sampling of Mammals

Monthly or semi-monthly samples of mammals will be
taken throughout 1971. When possible,
25 animals of each species will be
taken each sampling period.
Freshly killed animals will be put in plastic
bags to ·avoid desiccation,
and will be placed under refrigeration
as
soon as possible.
Specimens will be dissected
the morning following
their collection.
For each animal, weight and standard body measurements
will be recorded,
the digestive
tract will be put in a plastic
bag and
frozen, the contents of the cheek pouches will be preserved in the case
of kangaroo rats, the reproductive
tract will be preserved in AFA, and
the skull and humerus will be saved for use in estimating
age.
5.3.3.4.2.

Diets

of Mammals

The diet of each species of mammal will be studied
by examining microscopically
the stomach contents of each specimen.
The
contents of each stomach will be washed, mixed thoroughly in warm water,
and dried.
The contents will then be ground in a Wiley laboratory
mill
over a 20-mesh screen and again washed.
One microscopic slide will be
made of material
from each stomach using Hertwig's clearing solution
(Baumgartner and Martin, 1939) and Hoyer's mounting medium (Ilaker and
Wharten, 1952), and preparations
will be partially
dried in a drying oven
at 60°c.
Twenty systematically
located fields under 125 power magnification
will be studied on each slide.
Food items will be identified
on the basis of known plant material
(Davis, 1959; Croker, 1959; Storr, 1961).
Each species present in each
microscopfc field will be recorded and frequency percentages
(the number
of fields in which a species occurred out of 100 fields)
will be recorded
for each species.
Frequency percentages
will be converted to particle
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density per field by use of the table presented by Fracker and Brischle
(1944), and relative
density of each species in the samples will be
expressed as a percentage.
Relative dry weights of food items can be estimated accurately
by
using the relative
densities
of the species (Sparks and Malechek, 1968).
Procedures similar to those described above have been used in recent
studies by Ward and Keith (1962), Myers and Vaugran (1964.), Bear and
Hansen (1967), and Sparks (1968), and have seemingly yielded accurate
descriptions
of diets of small mammals.
5.3.3.4.3.

Vegetation

Sampling

The plant community on the study area consists of
three prominent synusia that will require sampling; the lowest stratum
of grasses and herbs; an intermediate
s tra·turo of succulents
and halfshrubs; and the overs to.ry, of acacia (Acacia sp.) , mesquite (Pro sop is
juliflora),
and palo verde (Cercidium sp.).
The line-intercept
method (Canfield,
1941) will be used to sample
the plant composition at each capture site.
At each site a forty-meterstring transect will be established
with its mid-point directly
on the
capture site.
The direction
of the transect will be alternate.cl between
north-south
and east-west directions
to eliminate the possible effects
•
of slope and other less pronounced topographic features that may influence
animal and plant distributions
.. Along each transect
the number of stems
of each species within one centimeter of the line will be counted.
Linear
measurements of the length of the transect
covered by each species will
be recorded for the lower two strata,
while shrubs will be measured by
the downward extension of the cro~ onto the line (crown-spread intercept).
These data will be used to calculate
the importance value (Phillips,
1959) ••
for each species of plant, as a measure of its contribution
to the vegetation.
Phenological
records will also be kept on each predominant species
of plant to determine the yearly cycle of activity.
These data may relate
directly
to food preferences
of the mammals under study (Sparks, 1968).
5.3.3.4.4.

Additional

Information

At each capture site, whenever possible,
the following
information will also be recorded:
site temperature using silver and
black bulb thermometers, slope exposure, and general soil conditions.
5.3.3.4.5.

Preference

Indicei·.

Food preference
indices will be calculat~d by
dividing the importance value of a given plant at a capture site i)lto
the relative
dry weight of the plant in the stomach of the animal taken
at the site.

5.3.3.-4
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5.3.3.4.6.

Reproductiv~_ ..9YE_les of the Mammals

Age and sex ratios are necessary in estimating
rates of mortality
and extent of annual population
turnover in mammals;
these ratios will be dereriuined
from the monthly or semi-monthly samples.
Age wi 11. he cst.:-fm:.,.ted
on the basis of weight and body measurem2nts, stage
of wear of the teeth, degree of fusion of the proximal epiphysis and the
,H'clphysis of the humerus and condition of the reproductive
organs.
In
th"'
'"'"s"'
,,.:r oo,,.~ ac0deuLs,
the size and condition pf the uterus and the size,
rnlor,
and the texture of the testes. and seminal vesicles
indicate
whether or not animals have been through a reproductive
cycle (Hansen,
1960; Vaughan, 1962).
Counts of embryos, of fetuses,
and of placental
scars will be used
to determine litter
size, and timing of litters
and presence of placental
scars in pregnant animals will provide indications
of numbers of litters.
per year.
Many studies have shown that sharp seasonal changes in the sizes
of reproductive
organs are associated
with different
stages in reproductive
cycles.
For this reason, careful measurements will be made of the uterus
and ovary in the females, and of the testis,
caudal epididymis and seminal
vesicle in the males.
The reproductive
organs of the males will be checked
for the presence of sperm·. If feasible,
the occurrence of follicles
or
corpora lutea in the ovaries will be not.e<l.
5.3.3.5.
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5.3.3.6.

Facilities

5.3.3.6.1.

available

Office

at Northern

Arizona

University:

space and equipment:

typewriters
calculators
drafting
table

5.3.3.6.2.

of pocket gophers
Ecology

Laboratory

computer facilities
file cabinets
and drawing equipment

space and equipment:

microscopes
bomb calorimeter
micro balances
animal room
chemical supplies
drying ovens
photographic darkroom
Wiley mill
museum space and curatorial
assistance
dermestid colony for cleaning skeletal
material
5.3.3.6.3.

Field

equipment and sampling materials:

International
Carryall vehicle
plant presses
prese_:r;vatives
camp stoves; lanterns,
cooking
dry ice chests
gear, shovels, aces, etc.
wall tents,
tarps, mosquito
thermometers
firearms
netting,
cots, folding tables traps,
and chairs
ammunition
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Library

5.3.3.6.5.

Museum collection

5.3.3.7.

Total Budget
$26,226.

facilities

and technical

references.

of mammals, birds)and

reptiles.
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5.3.4.

Models of Food Intake

Project

Leaders:

and Fat Indices

of Desert

Donald R. Johnson, Dept. of Biological
University
·of Idaho, Moscow.
Laboratory,

Where Conducted:

Hanford,

Biome Rodents
Sciences,

Curlew Valley

Abstract:
Food intake of three species of desert rodents will be studied by
measurement of.micro-environmental.
temperatures
and calculation
of metabolic
output, studied of activity
cycles, Assimilation
efficiency
will be studies
by the ash-tracer
method.
Fat indices will be calculated
on animals
collected
in the field by SoXhlet extraction.
5.3.4.1.
rodents

Objectives

5.3.4.1.1.
of the desert

for certain

5.3.4.1.2.
species

5.3.4.2.

To continue the development of food intake models for
biome, as functions
of relevant
environmental
variableD.
To determine the fat/lean
as a function of time.

body ratios

(fat

indices)

Justification

Support for this proposal will provide an opportunity
to
complete the food consumption and fat index models for the dominant desert
biome rodents found on the Curlew Valley and Hanford validation
sites.
5.3.4.3.

Previous

Work

The same techniques
will be used as those employed in
monitoring
the activity
patterns
of Great Basin pocket mice (Perognathus
p·arvus), deer mice (Peromyscus maniculatus),
and least chipmunks (Eutamias
minimus) on the Hanford Reservation
during 1970.
•
Assimilation
efficiency
has been determined by the ash tracer method
(Johnson & Maxell, 1966) in the past.
Caloric densities
will be measured
by oxygen bomb calorimetry.
Seasonal cycles of .fat indices have been demonstrAted.for
Citellus
late~]~,·
Eutamias speciosus,
and.JL. amoenus by Jame.son & Mead ••(1964), and for
Peromyscus polionotus
by Caldwell & Connell (1968). • Similar cycles are to
be expected in rodents of the desert biome.
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Proce1ures:

Food intake will be calculated
as (M + P) /AE, where M is energy expenditur<
for maintenance (thermoregulation
and activity),
Pis that for production
(tissue and embryo growth), and AE is the assimilation
efficiency.
M will
be calculated
as a sum of metabolic rates during the day in a variety of
microenvironments.
The daily activity
patterns will be determined by monitorinf.
the location of animals tagged with a radio-nuclide.
A burrow monitor
similar to that used by Inglis~
al. (1968) and Frigerio
& Eisler (1968)
will be used again in 1971 to determine the daily activity
patterns
of
Ord kangaroo rats (Dipodomys ordi), chisel-toothed
kangaroo rats (Q_. microps)
and Townsend ground squirrels
(Citellus
townsendi) during all seasons at
Curlew Valley.
Since metabolic rate is a function of the difference
between
the body and ambient temperatures,
surface and subsurface temperatures
are required.
Production
and mean litter

will be estimated
size.

from growth curves,

frequency

of pregnancy,

Rodents will be trapped, their stomachs removed, the contents washed
in cool water~ oven-dried,
and weighed to the nearest mg. Pellets will
be removed from the rectum and oven-dtied.
Fat indices will be calculated
following Soxhlet extraction.
5.3.4.5.

Literature

Cited:

Caldwell, L. D. & C. E. Connell.
1968. A precision
old-field
mouse. Ecology 49: 542-548.
Frigerio,
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monitor using radioactive
Inglis,

1968.
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of the

Low cost, automatic,
nest
Ecology 49: 788-791.

and burrow

J. M., L. J. Post, C. W. Lahser & D. V. Gibson.
1968. A device
for automatically
detecting
the presence of small animals carrying
radioactive
tags.
Ecology 49: 361-363.

Jameson, E.W. & R. A. Mead.
basic weight in Citellus
J. Mamm.45: 359-365.
Johnson, D. R. &_M.. H. Maxell.
Ecology 47: 1059-1061.
5.3.4.6.

1964. Seasonal changes in body water and
lateralis,
Eutamias speciosus and E. amoenus.
1966.

Energy dynamics of Colorado pika.

Grantee Participation:

The Department of Biological
Sciences, University
of Idaho, has pur.chasei
a Parr semimicro-oxygen bomb calorimeter,
a Wiley mill, and a YSI teletherw::- meter which will be utilized
in this investigation.
5.3.4.7.

Total

Budget:

$13,987
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5.3.5.

Growth, Reproductive,
and Mortality
Rates of Black-tailed
Jackrabbits
(Lepus californicus)
as Functions of Environmental
Factors and
Poisible
Ecotypic Variations.

Project

Leaders:

Where Conducted:

Frederic H. Wagner and L. Charles
State University,
Logan, Utah
Hanford,

Curlew Valley,

L. Stoddart,

Tucson Basin,

Utah

Jornada

Abstract:
The black-tailed
jackrabbit
is probably the most important warm-blooded,
native herbivore
in the United States desert from the standpoint
of its
transfer
of energy and materials
in the ecosystem.
This role varies in time
and space over the U. S. deserts,
some geographic variations
in demographic
patterns
being quite marked.
The source of these differ~nces--whether
environmental
or eco~ypic--must
be determined if the species is to be modeled
in the desert system .. A study is herewith proposed which would:
(1)
study growth rates in captivity
of animals, from two northern (Hanford and
Curlew Valley) and two southern (Tucson Basin and Jornada) validation
areas; (2) measure reproductive
rates in captivity
in Utah·and in the field
at these four areas;
(3) measure mortality
rates in the field at these
areas; (4) relate
the observed rates to vegetation
phenology and production,
prior population
history,
current population
density,
predation,
and possible
ecotypic variation.
The principal
investig~tors
have a grant for such
studies in Curlew Valley.
The present proposal requests
additional
funds
to obtain data on the other three areas that could be integrated
with the
Curlew Valley project.
5.3.5.1.

Introduction

In terms of those ecological
processes
concerned with
movement of energy and materials
through the ecosystem, the black-tailed
jackrabbit
is probably the most important warm-blooded, nativ~ herbivore
in the U. S. deserts.
It applies substantial
pressure to the vegetation-in some cases more than does livestock
(Currie and Gqodwin, 1966)-- and
serves as a staple food source for several of the medium to large sized
carnivorous
birds and mammals.
The magnitude of this functional
role varies in space and time:
(1)
The species occurs in greater numbers in some deseit types than in others.
(2) Its demographic patterns
vary geographical}y .. (3) In some of the areas
the species undergoes violent fluctuations
which alter
its densities
by an
order of magnitude or more. If this role is to be reliably
depicted in a
predictive
model for the desert ecosystem, it is important that the specieR
be conceptualized
as a subsystem of the desert system; that the biological
processes concerned with energy and material
input, output, and conversion
within the subsystem be measured; and that the factors
influencing
these
processes be identified
and measured.

5.3.5.-2.
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Process studies
for the Des~rt Biome effort
of I.B.P. to measure
food input and assimilation
rates are being proposed by investigators
at
the University
of Idaho, Idaho State University,
and Northern Arizona
University.
A project
to study the disposition
of assimilated
energy, in
terms of growth, reproductive,
and mortality
rates is herewith proposed.
Assimilated
energy may either be respired
and thus lost from the ecosystem,
or it may be made available
for further
use by the system, through growth
and reproduction.
The rate at which such conversion
occurs and the
quantitative
influence
of factors
affecting
that rate, are essential
parameters in the design of the desert model. This project proposes to obtain
those parameters.
5.3.5.2.

Objectives

5.3.5.2.1.
Measure growth rates of captive rabbits
Washington, Arizona, and New Mexico taken near the validation
these atates.
•

from Utah,
sites
in

r~u. J.·.-•nl"

5.3.5.2.2.
Measure reproductive
rates as functions
of weather and
vegetation
ph~nology and production,
prior population
history,
P"l'" lnr i.on density,
and ecotypic differences.

f~rtnLS

5.3,5.2.3.
Measure mortality
and of predation.

photoperiod,

5.3.5.3.

rates

as functions

of the above

Justification

While previous studies provide valuable information
toward
an understanding
of the ecology of the species,
three needs remain from the
standpoint
of modeling the black-tailed
jackrabbit
subsystem.
The first Js
a need for additional
raw data from previ.ously studied areas and from southeastern Washington and southern New Mexico.
Recent discoveries
on the
demographic characteristics
of the Utah population
disclose
the need for
slightly
different
analyses of field data to allow a more complete insight
into the population
processes.
A second need stems from the fact that the data presently
available
were not gathered in such a way that ~hey could bi expressed quantitatively as functions
of the factors
affeqting
them.' Some of these factors
have been identified
in some of the studies,
but in only one or two cases
have they been quantified.
•
A third need stem's from the marked diffE,?rences in demographic
characteristics
between different
populatio~s
of the sp~cies.
Arizona
and California
breeding seasons may be from 50 to 100% longer than those
of Utah and !daho while reported
litter
sizes in the latter
states may be
twice as large as those of the former.
Whether or not these differences
are environmental
or genetic,
and, if the latter,
whether or not the
different
ecotypes respond similarly
to the same environmental
factors,
will importantly
determine the way in which the species is modeled.
It
may conceivably
require subdivision
into two or more subsystems depending
on what develops from the research.
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Previous

Work

A number of previous studies have provided information
on
growth, reproductive
and mortality
rates.
Haskell and Reynolds (1947)
and Goodwin and Currie (1965) have published somewhat disparate
growth
rates for the species.
Vorhies and Taylor (1933) in Arizona; Lechleitne~
(1959) in California;
French, McBride and Detmer (1965) in Idaho; and
Tiemeier (1965) in Kansas have all published on reproductive
rates and
other demographic paratneter,s.
Here at Utah State University,
similttr
studies have been uuden~ay for seven years.

Some causal influences
have been identified
which help form a
basis for the research proposed herein.
Weather, either acting
independently
or in combination with the vegetation
and nutrition
of
the animal,has been implicated
in· reproductive
variations.
Thus
Vorhies and Taylor (1933) observed a midsummer reduction in breeding
intensity
during the period between the two rainfall
seasons in Arizona.
Pontrelli
(1966) believed that the first breeding for the year was cued
to winter rains.
In our own Utah studies,
we have observed abortion
of late-season
litters,
possibly related
to Dutset of the dry season.
Population
density has also been observed as responsible
for
variation.
Thus French et al. pointed to a density-dependent
correlation
between breeding-season
length and density while our own studies show
density dependence in the total reproductive
output.
Disease and parasite
loads may be important.
ecotypic differences
has already been mentioned.
5.3.5.5.

The possibility

of

Procedures

The two principal
investigators
now have a grant to study
the demography of jackrabbits
in Curlew Valley, a study which has been
underway for seven years.
This will be continued and serve as the
nucleus for the biome-wide study.
The addition proposed in this project
is that of:
(1) obtaining similar data from the Tucson Basin, Jornada,
and the Hanford areas by integrating
with the validation
and process
studies associated
with them, and (2)
rearing rabbits in captivity
for comparison of growth rates and reproductive
patterns.
Specific
procedures are:
5.3.5.5.1.
Arrangements will be made with investigators
at the Jornada, Tucson Basin, and Hanford sites to collect
female
rabbits
during the breeding seasons.
Those with near-term fetuses will
be opened, their young removed, and these young placed with domestic
females which are nursing litters.
This technique has proven successful
in the Utah studies.
If necessary,
Utah investigators
will travel to
these areas and assist
in the operation.
These young will be reared
in captivity
in Utah, weighed periodically
for growth rates,
and allowed
to reproduce in order to permit comparison o.f reproductive
phenology,
number of litters
produced per year, and litter
sizes.
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5.3.5.5.2.
Reproductive rates in the wild will be studied on
each of these sites by monthly collections
of 50 adult animals.
These
collections
will be made in the general vicinity
of the actual validation
areas.
Followj_ng collections,
the animals will be autopsied and the eye
lenses, reproductive
tracts,
stomachs, and recta will be removed. Eye
lenses will perndt aging of the animals, reproductive
tracts the prevalence
of h,.,ccd:tug
and litter
sizes.
Stomachs and recta will provide material
ror the food habits and assimilation-efficiency
analytic projects.
5.3.5.5.3.
Correlation
with vegetation
availability
and
production will be determined by monthly vegetation
sampling also needed
for the food habits analytic
studies and partly provided by the regular
validation
measurements.
routinely

5.3.5,5.4.
Weather correlations
taken on the validation
areas.

can be drawn from weather

data

5.3.5.5.5.
At present,
mortality
rates are measured demog_raphically
in Curlew Valley by semi-annual censuses and age structure,
and by
following samples of animals telemetrically
until they die.
Where
possible,
similar demographic estimates will be made at Jornada, Tucson
Basin, and Hanford, but the telemetric
approach in these areas will need
to await the development of facilities
and personnel capability.
The
demographic studies provide estimates of the rates which in some cases
can be related to independent measurements of environmental factors,
but the telemetric
approach often permits direct observation
and
measurement of the casual influences.
5.3.5.6.
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5.3.6.

Relationship
of Reproduction,
Mortality;
and Growth of Perognathus
~ormosus and Other Desert Rodents to Vegetation Production and
Density, an Experimental Study.

·Project

Leaders:

Where Conducted:
Abstract:

Robert M. Chew, Department of Biological
Sciences,
University
of Southern California.
Research Associate,
half-time
(1).
Rock Valley

vicinity

)

Growth, reproductive,
and mortality
rates and rodent species diversity
will be studied in 4,000 m2 enclosures
in Rock Valley.
Some enclosures
will be subject to brush removal and irrigation
to study the effects
of
these manipulations
on the processes.
5.3.6.1.

Obiectives

The objective
is to observe the effects
of experimental
manipulations
of the density and production of winter annuals and shrubs
on the reproduction
and mortality
of rodent populations
and growth of
individual
rodents in the manipulated systems, and on the rodent-species
diversity
of the system.
5.3.6.2.

Justification

The main value of an enclosure is that natality
and mortality
can be differentiated
from immigration and emigration.
The artificial
barring of emigration may explain the higher than natural densities
observed
in 4,000 m:and 8,000 m·"enclosures (Pomeroy, 1968; Gentry, 19&8). Immigration and emigration are a confounding factor in all "open-system" studies-.
5,3.6.2.

Previous

Work

The few studies that have been done to date on mammals
within enclosures
are encouraging.
Barrett
(1967, 1968) found that the
responses of rodents to a change in the system can be detected in 4,000 m~
plots; he observed a delayed reproduction
by Sigmodon hisidus after
insecticide
spraying of an old-field
enclosure,
but not in an inmediately
adjacent control enclosure.
Caldwell and Gentry's
(1965) obser-rations
on
the interactions
of ~ and Peromyscus in 4,000 m·.:·enclosures corroborated
their observations
and conclusions
with the same species in open-field
studies.
Mus cannot survive with Peromyscus when it is unable to shift
its home range with changes in food conditions.
When there is a non-fatal
negative response to a manipulation,
such as, possibly,
a dispersal
from a
shrubless
area, this could not be expressed in an enclosure,
consequently
our proposal for replication
of treatments
on equivalent
open plots.

5.3.6.-2
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Procedure

The 'study is to he made near ~ere ury, on the Nevada. Te:~.t• . - .,
Site, utilizing
some or all of eight 4,000 m relatively
rodent-proof·'enclosures
that already exist there,
together with pa{red unenclosed plot~~:
Some of the enclosures
(4-6) will probably be u~reservedly
available
for
mammalian studies alone, while the ~emaining plots (2-4) can be used
cooperatively
in conjunction
with other studies.
Population
dynamics will be followed by standard techniques
of live
trapping and observation
of animals in the field;
plant production
and
phenology will be observed by established
techniques
(Chew & Chew, 1965; 1970).
The 4,000 m4 plots will be ma'nipulated in a 2 x 2 factorial
arrangement,
using two levels of irrigation
applied at a time of the year to stimulate
winter annual production,
and two levels of reduction
of. shrub density.
Two
plots will be retained
unchanged as controls.
Treatments will b~ replicated
on adjacent
unenclosed areas.
Irrigation
techniques
and effects
have been··
tried already by other investigators
in several plots;
irrig~tion
{n 1969
is producing a good growth of winter annuals in 1970 (V. Romney, a personal
communication).
Shrubs will be partially
or totally
pruned and the cut
sterns removed from the plots.
The manipulations
are
Winakur (1969) that certain
may need shrubs, and those
in Rock Valley, Nevada Test
annuals.

based on the observations
of Rosenzweig and
desert rodents (Perognathus·spp.,
Peromyscus spp.)
of Beatley (1969) that reproduction
of rodents
Site,
is dependant on the production
of winter.
•
•

We will -give secondary attention
to monitoring
rodent .activ~ty
by
photographic
'and/or mechanical means, and to observing the impact of rodent
populations
on the plant populations.
5.3.6.5.

Expected

Results

The observations
should be very relevant
to ~he int~ractions
of rodent and plant populations
on each others· processes:
e.g., how shrub
density affects _·rodent population
dynamics• and diversity;
how a, high.
density has a feed-back effect on a population;
the ~£feet of annual
production
in stimulat.ing
(or r;iot) r!Jdent reproduction;
the effect-. of
rodent species'diverslty
on rodent processes.
All of these are important
to a predictive
model of a desert ecosystem.
The results
will also be
a basis for decisions
as to the use of enclosures _in future I~P studies.
5.3.6.6.

Literature
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Barrett,
G. W. 1967. The effects
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semi-enclos·ed
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Ph.D. dissertation,
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Beatley, J. C. 1969. Dependence of desert
precipitation.
Ecology 50: 721-724.

rodents

on winter

annuals

and

Caldwell, L. D. & J. B. Gentry, 1965. Interactions
of Peromyscus and Mus
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5. 3. 7.

Population
of Certain

Project

Leader:

Where Conducted:

Structure,
Foraging, Behavior,
Sonoran Desert Birds.
Stephen M, Russell,
Department
University
of Arizona.·
Tucson (Saguaro National

and Daily Movements
of Biological

Sciences,

Monument and Avra Valley)

Abstract:
This project will study demographic patterns,
growth rates,
dispersion,
daily movements, .~J:ld foraging behavior of Sonoran desert birds.
Techniques
used will be a combination of periodic
censuses,
behavioral
observation
of
marked birds,
nesting studies.
Emphasis will be placed on the mourning
dove which will be collected
periodically
for food-habits
studies 1 observation of fat stored~and status of endocrine glands.
4

5.3.7.1.

Obiectives

5.3.7.1.1.
To
so far as possible,
age,
emphasis on the mourning
in the Sonoran Desert on
in terms of environmental

determine growth and reproductive
rates,
and,
sex, and weights of the birds (with special
dove) of a paloverde
-saguaro-ironwood
community
a year-round b~sis and to evaluate these parameters
variables.

5.3.7.1.2.
Determine the extent of movements of birds on and
around the paloverde -saguaro-ironwood
association
study area, and describe
their foraging niches during different
seasons.
5.3.7.1.3,
In a creosotebush
association,
determine seasonal
variations
in bird populations,
foraging behavior,
and reproductive,success;
evaluate changes in terms of environmental
variables
(weather, gross
changes in arthropod,
plant,
and seed abundance).
5.3.7.1.4.
items taken throughout
availability
of these
daily movements, and
estimate their energy
5.3.7.2.

Determine the kinds and relative
abundance of the food
the year by mourning doves in comparison with the
and other food items and monitor body temperatures,
degree of activity
of free-flying
doves in order to
requirements.

Introduction

Studies of the Tucson validation
sites will provide information
on the species composition and density of, the avifauna,
but little
is kno¥n
about desert bird growth and reproductive
rates,
age and sex ratios,
weights,
food preferences,
or daily movements.
This study proposes to
investigate
these parameters
in complex (paloverde
(Cercidium)saguaro
(Cer_~~)- ixonwood (Olvnea) and simple creosotebush
(Larrea divaricata)
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communities in the Sonoran Desert and to correlate
changes with
environmental variables.
It will provide an index of their relative
productivity
and a measure of the role of birds in these communities
as components of the Desert Biome.
In order to determine the importance of birds in energy transfer in
the desert,
the mourning dove has been selected for detailed study.
This resident species is perhaps the most abundant nesting bird on the
Tucson Mountain site and it raises several broods yearly.
Temperature and precipitation
vary considerably
from year to year
in the Sonoran Desert.
For this reason the proposed study should extend
over three years, although this proposal is for the first year only.
5.3.7.3.

Justification

While a large fraction of desert birds characteristically
are insect feeders, notable exc-ptions,
especially
in the Sonoran Uesert,
are the doves and the wintering flocks of sparrows which have migrated
from the north.
These species move considerable
amounts of plant energy
and material and therefore vie with the rodents as primarv.consumers.
They must, therefore,
be studied so that their role in the desert ecosystem
can be adequately provided for in the modeling effort.
5.3.7.4.

Previous

Work

A reasonable appraisal
of the metabolic characteristics
of
captive doves can be obtained from the literature
(Riddle and co-workers,
1932, 1934; Bartholomew and Dawson, 1954; Hanson and Kossack, 1957),
and other researchers
are presently conducting metabolic studies.
But
in order to construct a model of energy transfer
through this important
desert herbivore,
more information is needed on its field biology to
supplement that published on its management, population levels, and hunting
success (e.g., the Bureau of Sport Fisheries
and Wildlife,
1962; Blankenship
et al., 1967; Hanson and Kossack, 1963). This will be the first study
conducted on a dominant Sonoran Desert bird in which many facets of the
bird's biology will be correlated
with a wide variety of biotic and abiotic
factors.
The results will define the species as a functional
unit in its
community and should provide insight into the relationships
of other
herbivorous desert birds to their environment.
This study will be conducted on a study plot now being utilized
by
Carl S. Tomoff in his Ph.D. research on avain habitat utilization
in the
creosotebush association
(emphasis on foraging responses to seasonal
fluctuations
in food abundance and interspecific
competition for food).
Tarnoff will be available
through August 1971 as a research assistant.
5.3.7.5.

Procedures

5.3.7.5.1.
Inform.ation on population parameters will be obtained
from a 20 ha study plot 24()0 m north of the Saguaro Monument site, now
being used by Russell fo~ validation
studies.
Mist nets and traps will be
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used to capture birds for banding and marking with plastic
leg bands; at
the time of capture birds can be aged, sexed, weighed)and the presence
or absence of a brood patch, extent of molt, and deposition
of subcutanious
fat can be checked (the latter
conditions
would have direct bearing on the
bird's
energy demands).
Nestlings will be banded and marked before fledging;
examination
of nests and fledgling
young will provide the basis for
evaluating
reproductive
success.
Eggs and young birds will be measured
and weighed so that growth rates can be determined.
Mortality
and
dispersal
rates can be approximated from subsequent observations
of marked
birds.
Validation
studies nearby will provide a record of environmental
variables;
most important will be meteorological
data and information
on insect abundance and plant phenology.
Additional
information
on mourning doves will be collected.
About,
15-20 birds per month will. be collected
off the study site.
The gonads
will be preserved and examined grossly and histologicallyfor indications
of stage of activity;
this technique will provide good insight
into the
stimuli triggering
reproductive
activity
when correlated
with environmental
variables.
Radiotelemetry
techniques will be used to monitor flight
movements and general activity;
the doves forage both on and off the study
site and fly some distance
for water.
From April to September, the study
area is also utilized
by white-winged doves, which are very similar to the
mourning dove in choice of nesting area, .food, territories,
water requirements, etc.
During the period the two species are together,
an effort will
be made to study their interactions
where competition
may be involved .
. :5.3.7.5.2.
Mapping the location
of marked birds will indicate
the degree of daily and seasonal movements, the extent of area actually
used, and the amount of overlap between individuals.
The foraging niches
utilized
by each species will be determined by recording
relative
use of
each foraging technique and location.
In some cases it will be possible
to determine through observation
exactly what the birds consume.
It is
impractical
to think that a great volume of foraging niche data can be
obtained in a study plot where over 25 species of birds forage, but by first
surveying the few available
reports and by being opportunistic
in the field,
the general characteristics
of each species could be described
on a
qualitative,
if not semi-quantitative
basis.
5.3.7.5.3.
Census methods that involve marking on maps the
location
of all birds encountered will be used to determine the bird species
and population
numbers on a creosotebush
dominated study plot in Avra
Valley about 25'. 6~.km north-northwest
of the Tucson Mountain validation
site.
Nests will be located and reproductive
success recorded;
nestlings
will be
weighed and measured (to obtain growth rates),
and banded.
Foraging niches
will be determined by recording
relative
use of foraging technique and
location.
Validation
studies are not being conducted on creosotebush
associations,
thus it will not be possible
to compare bird populations
with
the range of environmental
variables
under study in the Tucson Mountains.
But the research assistant
on this portion of the project will record
information
on the gross changes in plant phenology, arthropod abundance,
and seed abundance (some seed traps will be utilized).
A rain gauge and
recording hygrothermograph
will be installed.
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5.3.7.5.4.
To determine food preferences
of mourning doves, the
esophagus, proventricµlus,
and gizzard of the birds collected
monthly for
gonadal specimens will be re□oved and frozen.
In the laboratory,
these
organs will be opened and the seeds sorted,
identified,
dried, and weighed.
Seed traps will be placed in the area where doves forage.
The relationship
between the seeds actually
utilized
and those available
can thus be determined (West, 1967).
From the data gained through seed collecting,
it will
be possilile to calculate
the quantity~vailable
per unit area.
Data on the
caloric
values of different
seed species should be available
from other
biome studies,
or average figures from the literature
will be utilized.
The technique of MacGregor (1958) will be utilized
to obtain samples (for
subsequent analysis)
of food fed to the nestlings.
The analysis
of crop and
gizzard contents planned in this study will provide an estimate of the amount
of preformed water obtained in the food.
The interrelationships
between
metabolic rate and respiratory
water loss (in cooling) at the ambient
temperatures
(TA often)TB) ,experienced
by ,m~urning doves are important in
establishing
their energy budget.
Incubating doves will be captured at the nest and equipped with radio
transmitters.
The devices will permit mapping daily movements and will also
broadcast body temperature
readings and indicate the degree of activity
of
the bird.
This information will be used to estimate the energy requirements
of free flying birds, establish
where the birds forage and drink, and help
resolve some questions
relating
to thermoregulation
in birds incubating
under direct solar radiation
(Russell,
1969).
5.3.7.6.
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5.3.8.

Food Habits

of the Jackrabbit

Project Leaders:
Pocatello,
Idaho

William E. Saul,

Where Conducted:

Northern

desert

and of Rodents in tt:

Dept. of Biology,
sites,

Northern

Idaho State

Deserts.

University,

and the ·laboratory.

Abstract:
In order to develop a predictive
model of the desert ecosystem, it
will be necessary to predict what the important anj_mal species wi 11 eat,
given a specified community from which they will select their diet.
Such
prediction
depends on a knowledge of the degree to which each animal species
simply feeds on what is available
to it, and the degree to which it prefers
certain food items. This study proposes to measure these influences on the
feeding patterns of five rodents and one lagomorph species.
Stomach samples
from individuals
of each species will be collected
regularly wherever process
studies on these species are in progress.
Stomach contents will be removed,
preserved,
and lat~r· e~mlh.ed for qtfnt'itM:ive
assessment of the food species.
Vegetation data collected
in the same area will provide a picture of what
is available.
Microscope slides of epidermal tissues of the.plants
will
be made to enable identification
of stomach contents.
Preference indices
for the different
plant species will be calculated
on the basis of what is
present and what is eaten.
5.3.8.1.

Introduction:

It is well known from studies on a wide variety of vertebrates-~
terrestrial
and aquatic,
herbivorous and carnivorous-that the diet
is affected by two general influences.
The first is simply availability,
or what is present (c.f. McAtee, 1932; Ricker, 1954; Craighead and Craighead,
1956; Bartlett,
1958; Tinbergen, 1960). The second influence is preference,
purposeful selection,
or what Ivlev (1961) has termed "electivity"
(c.f.
Bartlett,
1958; Tinberg~n, 1960; Holling, 1961; Talbot, 1962). Hence,
while availability
plays an important part, animals rarely feed entirely
at random within that which is available
and the quantitative
composition of
the diet almost always deviates to varying degrees from the quantitative
'composition of the community in which those animals exist.
In the development of a mathematical model which describes the
patterns of energy and material flow in an ecosystem, herbivorous animals
are depicted both as causal influences affecting
the functional
processes
of the plants, and as conveyors of energy from plants to higher trophic
levels.
If such a model is to have predictive
generality
for an entire
biome over which community composition varies,
it is essential
to know the
feeding flexibility
of those animals so that their dietary patterns can
be predicted
for any given community witAin the biome.
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For these reasons it is necessary to sLudy the food-consumption
patterns
of the important herbivores
in communities of varying composition
so tha'i: the diet can be compared with that which is available,
and generalizations
developed on the relative
roles of availability
and preference in the animals' diet.
The project outlined hereinafter
proposes to
study.such patterns
and develop such generalizations
for six of the most
important species of herbivorous
mammals in the northern d_eserts of the
United St.ates·.

5.3.8.2.

Objectives:

5.3.8.2.1.
dietary composition
and Lepus.
standing
potential

To make quantitative
determinations
of the year-round
of Dipodomys, Perognathus,
Peromyscus, Eutamias

5.3.8.2.2.
To relate the dietary make-up to the production and
crop of the plant and animal species falling within the feeding
of these species.
•
5.3.8.2.3.
To determine
and preference
affect
fo~d species.

availability
the preferred

5.3.8.3.

quantitatively
the degree to wh1ch
the diets of these species,
and which are

Procedures:

Project leaders who a·re doing vertebrate
areas are invited to systematically
provide
cheek pouches from the mammals under study.
accompanied by data on density and coverage
sampling, and collections
of plants to serve
During the five months from
be made twice a month-, and during
made once per month. Directions
vegetation
analyses to accompany
provided by the project leader.
can be analyzed during the period

process studies in the above
samples of stomach contents and
These samples must be
of vegetation
at the time of
as a reference base.

May through September, collections
are to
the other months collections
are to be
for preservation
of samples, and for
stomach sa~ples, will be specified
and
A total of approximately
1000 samples
envisaged in this proposal.

The stomach contents will be sampled in the laboratory
and
microscopically
examined to identify
epidermal histology
of plant materials
and body parts of animals contained in them. On the basis of frequency
of occurrence and visual estimates,
the percentage of the diet which each
comprises will be determined.
The methods used will be adapted from those
of Sparks and Malechek (1968) and Sparks (1968).
Ultimately,
diets will be compared with community composition.
degree to which feeding is random --i.e.
based on what is available
and the departures
from randomness will be measured. • Preference
or
"electivity''
indipes will. be computed according to· the methods of
Bartlett
(1958) or of Ivlev (i961).

The
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5.3.9.

Comparative

Project

Leader:

Where Conducted:

Ecology of Desert
William O. Wirtz, II.
Claremont, California.

Ground Squirrels
Dept.

of Zoology,

Fomona College,

Joshua Tree National Monument, Deep Canyon Desert
Research Area, Western Mohave Desert.

Abstract:
This project
proposes to study reproductive,
mortality,and
dispersal
patterns
in four species of ground suqirrels
through trapping,
marking, and
observation
programs.
Diel activity
patterns
will be studied simultaneously
with soil temperatu~e· measurements and torpor observations.
Reproductive
rates and fdod habii~ will be determined by regular collection
of samples
of animals.
Weather parameters will be measured concurrently.
5.3.9.1.

Obiectives

While a variety
of biological
data are currently
available
on certain
species of ground squirrels
in the southwestern
deserts,
no
studies have been done on their demographic processes.
This study is
designed to describe
the population
dynamics, reproductive
biology,
food
habits,
and diel and seasonal activity
patterns
of four species ~f the
deserts
of southern California,
and to determine the major factors
influencing
these parameters
of the species'
ecology.
The species are Ammospermophilus
leucurus,
Citellus
beecheyi,
f. mohavensis, and£· tereticaudus.
It is desirable
to understand
the population
dynamics and reproductive
biology of these desert ground ~quirrels
in terms of thebroad
concept of
limiting
factors which affect
natural populations
and human interests.
The
relationship
between these omnivorous rodents and the primarily
herbivorous nocturnal
rodent fauna on one hand and the desert carnivores
on the
other requires
analysis
if we are to begin to understand the flow of energy
through the desert ecosystem and develop predicitive
sub-models of energy
flow of populations
of desert vertebrates.
An adjunct of considerable
importance is an understanding
of the ecological
relationships
between these
several species of diurnal ground squirrels
in an attempt to elucidate
the
selective
pressures
which might have led to their evolution.
5.3.9.2.

Justification

Along with the heteromyid and cricetid
rodents,
the ground
squirrels
are among the conspicuous rodents of the U.S. deserts.
Active
year-round
in the south, and winter hibernators
in the north, their functional
role in energy and material
transfer
varies geographically
and·
temporarily.
That role.
(primary consumers) needs to be studied so that it
can be incorporated
into the desert model.
This project
proposes ~d itudy
the processes
of demography, food habits,
and activity
cycles in four
species of desert ground squirrels.
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Previous

Work

These studies will be-built
upon, a base of considerable
past
observation.
Bartholomew and Huqson (1960) and Hudson (1962).have described
some of the physiological
adaptatibns
of l· leucurus and f. mohavensis,
and considerable
effort
has been devoted to studies of the ecology of C.
beecheyi,
though not in the desert environment (C, f. Adams~
al.,
1965;
Evans and Holdenried,
1943; Linsdale,
1946; Longanecker and Burroughs,
1952; and Tomich, 1962).
Bradley (1965, 1967; 1968) provides information
on the activity
cycles, home range, and food habits of A. leucurus in
southern Nevada .. Neal (1964, 1965) discusses
reproductive
cycles and some
aspects of the physiology of!_. harrisii
and f. teretecaudus
in Arizona.
In southern California
A. leucurus,
C. mohavensis and C. teretecaudus
are restricted
to the desert-:- while f · be~heyi
is found in-both desert and
foothill
communities.
Sympatr.y exists between populations
of l· leucurus
and£.
mohavensis in the western Mohave, between l· leucurus and c. teretecadus in the western Sonoran at lower elevations,
and between C. teretecaudus
and C. beecheyi in.agricultural
areas in the Coachella and Imp;rial
valleys
of the western Sonoran, while A. leucurus enjoys the broedest ecological
distribution
in ·this region.
Grinnell
and Dixon (1918) state that C.
mohavensis "has remained about the least known of a 11 our rodents':'. - Save
for a brief paper by Burt (1936) and the physiological
work of Bartholomew
and Hudson (1960), this statement
is valid today:
Chew and Butterworth
(1964), discussing
the ecology of nocturnal desert rodents in Joshua Tree
National Monument, note that A. leucurus •~ust be of major importance in thj
community".
Ryan (1968), spe:;king of C. teretecaudus,
notes that "the_
edaphic conditions
required by this sp;cies wherever· it ranges need·
clarification,
which only further
intensive
study will provide",
and enumerates several di~tinct
prtiblems relating
to the ecology of A. leucurus and
~. teretecaudus
in the western Sonoran.
In southern Calif~rnia
£· mohavensis
and£.
teretecaudus
are found in rather limited areas of the desert,
in
some cases only in regions which are currently
in danger of destruction
by
human activity.
In the Coachella and Imperial valleys f· beecheyi and£·
teretecaudus
are apparently
adapting to coexistence
with human activities,
and have become considerable
pests to certain agricultural
interests.
As might be exp~cted, seasonal fluctuations
in density:of
all four s~eriies
have been noted, but no population
st~ies
have been·actempted
which would
quantify
these fluctuations
and determine their causes.
5.3.9.4.

Procedures
The proposed

following

study

can be divided

conveniently

into

the

parts:
5.3.9.4.1.

Population

Dynamic:s

Mark and release study areas will be est~blished
iQ
Joshua Tree National Monument, Deep Canyon Desert;. Research Area and enviror.&.,
and the western Mohave Desert in the vicin:i,ty.of
Palmdale and Lancaster,
California.
Monthly t~apping on tbese are~s will provide data on reproduction,
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'

'

•

t

l

•I

,

mortality,
body weight changes, density,
and age and sex_sttu~tute
ot th~,
popu1£i'tiorls.
Color marking, in addition
to more,permanent ..marks/ will·,;,,,
per-rriit di,rect observation
of individuals
on the s·tudy area~•,; and rapid , · ideritificatiori
of individuals
not recorded as part .of the. resident' popu- .
lation:
The ~resence of color-marked
individuals,
together with concur~ent
surveys of adjacent areas, will permit estimation
of immigration and
emigration
in the studied populations.
These procedures_wi.11 also permit
a close estimation
of population
density,
which can be an important factor
' 'affecting
rates
of
reproduction
and
natality
..
I
,
~~3.9~4.2.

Diel and Seasonal

Activity

Cycles

Trapping, direct observation,
and telemetry will provide
data on movements and activity
of marked squirrels
.in the study plots.
Knowledge of activity
patterns
is of prime importanc·e since the patterns
determine the regimen of daily temperatures
that the animals encounte~.·
Thermal experience
largely determines the rate of energy metabolism,
since
most energy flow of endotherms _is a function of temperature
regulation
.and
food gathering
to satisfy
the 'energy for this regulation.
Direct observation of die-ma~ked individuals
will minimize the distrubance
of. natural
behavior,
movements, and activity
patterns,
Low frequency transmitters
capable of penetrating
several feet of soil will be used not only to rnonit~r
□ovements, but also to monitor
body temperature
as an indicator
of torpor.
It is necessary
to know the extent of torpor,
so that a correction
for.
this can be made in the estimation
of the annual energy metabolism of
individual
animals.
Torpor can effect a considerable
reduction
of energy
expenditure.
5.3.9.4.3.

Reproductive

Cycles

Reproductive
information
will be obtained by examination
of all live-trapped
animals.
Specimens taken for autopsy from areas
adjacent to the live-trapping
areas will provide information
on litter
size,
prenatal
mortality,
and seasonal variation
of the gonads, reproductive
tracts,
and accessory sex glands.
Of particular
importance will be the
determination
of natality,
and/or of more importance,
the net yield of
reproduction,
those individuais
produced which survive to sexual maturity,
thus increasing
the yield of the population.
5.3.9.4.4.

Food Habits

Food habits will be determined by direct observation
of feeding animals, stomach content analysis,
and food preference
tests
with captive individuals:
Food items will be specifically
determined as
far as possible.
The diurnal habit of these squirrels
and the open nature
of the desert vegetation
permits accurate direct
observation
of feeding
behavior,
the species and parts of plants fed upon, time spent in feeding,
and microclimatic
conditions
~~ring periods of feeding activity.
It will
also be possible
to make direct
observations
on feeding animals outside the
prime study area and then collect
these individuals
in order to make an
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accurate determination
of the foods present in the stomach of an animal
whose previous feeding behavior has been chronicled.
Efforts will also
made to quantify
the species and amount of predation
on ground squirrel
populations
in order to estimate
the energy flow from this tropic level
to.a higher one.
5.3.9.4.5.

Vegetation

and Abiotic

be

Factors

Data on temperature,
humidity, wind velocity,
·rainfall,
and cloud cover wil1 be collected
in conjunction
with all trapping and
activity
studies,
in an attempt to correlate
climatic
factors with the
demography and activity
of the species.
Permanent recording
stations
can
be established
in certain
of the study areas, against which the records
of more brief duration
can be compared.
Soil characteristics
will be
measured at each site in an attempt to define the role of soil type,
particle
size, moisture,
and dissolved
salt content,
if any, in determining
the distribution
of the squirrel
populations.
Plant species distribution
will be determined for each study area by using established
techniques.
The principal
investigator
is currently
a non-salaried
cooperator
of
the National Park Service with complete access to Joshua Tree National
Monument for study purposes,
and current grcund squirrel
studies have been
approved for conduct at the Deep Canyon Desert Research Area of the
University
of California
at Riverside.
Limited funding has been provided by
Pomona College for field and laboratory
work in 1970, so that preliminary
data will be available
by the end of the current year and logistics
of
the study already established.
Surveys were conducted in Joshua Tree
National Monument in the fall of 1969, and four study areas are now
established
in the Deep Canyon - Palm Desert area.
Three students will
be working on aspects of the study during the spring of 1970, two of them
spending much of their time in the field,
and the principal
investigator
will devote the bulk of the summer of 1970 to this project.
5.3.9.5.

Expected

Results

Field information
on population
dynamics, reproductive
biology,
activity
cycles, behavior,
and food habits of a limited number of
populations,
and laboratory
information
on activity
cycles under various
environmental
regimes will be avail~ble
in preliminary
form by the end of
1970. The present proposal would fund a major expansion of the collection
of data on demographic processes,
density and biomass of individuals,
thermal .experience
of individuals,
reproductive
cycle and productivity
of
squirrel
populations
on the southern California
deserts,
types and quantities
of foods taken, and telemetric
studies of body temperature.
By the end of
the second year a ~lear picture should emerge concerning population
dynamics, reproductive
biology, activity
cycles, and energy requirements
of four species of desert ground squirrels
in regions of both the Mohave
and western Sonoran deserts.
These data will then enable the development
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of predicative
submodels
squirrels
and permit the
vertebrate
community in
.components of the desert

5.3.9.6.
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of the importance of this segment of the
the energy flow and biogeochemical
flow of other
ecosystem.
Cited

Adams, L., Biglieri,
E.G.,
and H. A. Bern.
1965.
its hormones in the California
ground squirrel,
J. Mamm. 46(3): 446-450.

The adrenal cortex
Citellus
beecheyi.

and

in the Mohave
Bartholomew, G. A., and J. W. Hudson.
1960. Aestivation
ground squirrel,
Citellus
mohavensis.
Bull. Mus. Comp. Zool.·,
Harvard College, 134: 193-208.
Bradley, W. G. 1965. Activity
ground squirrel,
Citellus
University
Ariz., Tucson,

patterns
leucurus.
96 pp.

and home range of the antelope
Upubl. Ph.D. dissertation,

Bradley, W. G. 1967. Home range, activity
patterns,
and ecology of the
antelope ground squirrel
in southern Nevada.
Southwestern Natur ..
12(3); 231-252.
Bradley, W. G. 1968.
southern Nevada.
Burt,

Food habits of the antelope
J. Mamm. 49(1): 14-21.

w. H. 1936. Notes on the habits
J. Mamm., 17(3): 221-224.

Chew, R. M. and B. B. Butterworth.
Cove (Mojave Desert),
Joshua
J. Mamm. 45(2): 203-225.
Evans, F. C., and R. Holdenried.
ground squirrel
in central
Grinnell,
J.,
squirrels

and J. Dixon.
of California.

Hudson, J. W. 1962.
ground squirrel,
1-56.

The role
Citellus

ground squirrel

in

of the Mojave ground squirrel.

1964. Ecology of rodents in Indian
Tree National Monument, California.

1943, A population
study of the Beechey
California.
J. Mamm. 24(2): 231-260.

1918. Natural history of the ground
Bull. State Comm. Hort. Cal.
7: 597-708.
of water
leucurus.

Linsdale,
J.M.
46. The California
Berkeley,
475 pp.

in the biology of the antelope
Univ. Cal. Publ. Zool. 64(1):

ground squirrel.

Univ. Cal. Press,

l,ong:mecker, D. S. and A. L. Burroughs.
1952. Sylvatic plague studies IX.
Studies of the microclimate
of the California
ground squirrel
burrow
and its relation
to seasonal changes in the flea population.
Ecology
33(4): 4118-449.

5.3.9.-6

P-71

Neal,

B. J.
1964. Comparative biology of two southwestern
ground
squirrels,
Citellus
harrisii
and£tereticaudus.
Unpbl. Ph.D.
thesis,
Univ. A~iz., Tucson, 125 pp.

Neal,

B. J.
1965. Reproductive
habit.s of round-ta:: led and Harris
ground squirrels.
J. Mamm. 46(2):
200-206.

Ryan, R. M. 1968. Mammals of Deep Canyon, ·Colorado Desert,
The Desert Museum, Palm Springs,
California,
137 pp.

antelope

California.

Tomich, P. Q. 1962. The annual cycle of the California
ground squirrel,
Citellus
beechevi. Univ. Cal. Publ. Zool.
65(3): 213-282.
5.3.9.7~

Existing

Major.·Equipment

Two four-wheel drive vehicles,
one departmental,
one personal.
Complete animal facilities,
including temperature
and light c_ontrol
in animal rooms. •
Environmental
chamber, with temperature,
humidity, and light control.
Activity
cycle equipment, including wheels, chambers, microswitches,
and event recorders.
Complete histological
laboratory
and complete facilities
for autopsy,
Microenvironmental
analysis
equipment; one each; telethermome~er,
portable o2 analyzer,
hygrothermograph,
pyroheliometer,
anemometer,
psychron, soil moisture and pH instruments.
5.3.9.8.

Total

Budget

. $1':',473
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5.3.10.

Population Studies of the Desert Cottontail
Black-tailed
Jackrabbit
(Lepus californicus)
(Lepus alleni)
in the Sonoran Desert.

Project

Leaders:

Where Conducted:

(Sylvilagus
auduboni),
and Allen's Jackrabbit

Charles R. Hungerford and Charles H. Lowe, Dept. of
Biological
Sciences, Univ. of Arizona, Tucson, Arizona.
Two graduate students.
Santa Rita Experimental
in Avra Valley.

Range and Silver

Bell bajada

Abstract:
This project proposes to study reproductive,
mortality,
and dispersal
rates of black-tailed
and Allen's jackrabbits
and of the desert cottontail.
Sex and age structure
and reproductive
characte-r-i-st-i-e-s--w-ill be studied by
collecting
monthly fr:om the general regions qf _the validation
site.
Movement and dispersal
pat.terns will be studied by trapping and tagging.
Mortality will be measured from periodic censu~es, age structure,
and tag
returns.
Weather will be measured and vegetation
manipulated to study
variables
affecting
the demographic parameteres.
5.3.10.1.

Objectives
The objectives

increment

are,

for each of the three

lagomorphs:

5.3.10.1.1.
To determine the age and sex structure,
and loss rates for certain populations~

and the

5.3.10.1.2.
To determine the rate of reproduction,
and the
effects
upon it of site variables
such as climate,
plant phenology,
and quantity of vegetation;
5.3.10.1.3.
its

5.3.10.1.4.
seasonal variation;
5.3.10.1.5.

To measure the rate

of dispersal

To determine

the overall

To construct

a life

table

rate

and mobility;
of mortality,

and

from the sum of

information.
5.3.10.2.

Justification

~. ~uduboni and 1· californicus
are important herbivores
on both the Santa Rita Experimental Range and the Silver Bell bajada in the
Avra Valley, and they will be studied at both these sites.
L. alleni
is
important only on the Santa Rita Range, and will be studied -;nly there.
In their respective
locales,
the build up substantial
population
densities
indicative
of their importance _in energy and material movement.

ii
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Previous

Work

• The basic reproductive
potential
of these three species
has been previously
determined in southeastern
Arizona
for the desert
cottontail
by Sowls (1957) and for 1.· californicus
and 1.· alleni br Vorhies
and Taylor (1933).
Experimental
baiting of jackrabbifs
ha~ already been tried in the
Tucson area, and we plan to further
test these methods during 1970,
preparatory
to the 1971 study.
If trapping is not successful
for ~ne or
both species,
we will use night-light
capture methods, such as described
by Labisky (1968). _and Cummings and Hewitt (1964).
We have used this method
successfully
on the~anta
Rit~ Expeiimental
Range for both speci~s of jackrabbits.
•
•
'
5.3,10.4.

Procedures

ipecific
areas will be censused monthly (and more often
during certain months) by a modification:
of the method of Hayne (1949).
The censuses will show the· gross changes in population
density.
As far as
possible,
these gross changes will be analyzed into birth and immigration
increments on one hand and death and emigration
losses on the other.
Variations
of reproductive
rate_ in our populations
will be determined
by embryo and foetal-scar
counts on.about ten females of each species,
collected
monthly during the breeding season.
An attempt will be made
to relate
the vari.ations
to s_ite variables.
These females, and other collected
individuals,
will be aged by
one or more techniques:
changes in body structures,
including reproductive
organs (Petrides,
1951), ephiphyseal
cartilage
of the long bones (Hale, 1949),
arid eye lens (Lord, 1959)~
The rate of dispersion
and the mobility of the populations
of each
species will be assessed
in two ways.
Cottonta·ils
can be trapped, marked,
ear-tagged,
an.d _released for later observation
(Haugen, 1942).
The range
of their ~ove~ent can be det~rmined by v{~ual observatiori
of the ear-tagged
individuals
curing censuses.
Jackrabbits
are more difficult
to live trap
because of their lower densities
and their lower r_esponsiveness to baits.
Seasonal mortality
can be estimated
from information
on gross
populat.ion losses and the observed: .rates of 'dispersion
from marked
populations.
When this and other inforinatfo'q is sufficient;
lif'e
tab'ies will be construc.ted.
•
In both study are.as h will be po's·sibl~ ·co _deliberately
modify the
density and· phenology of the perennia 1 plan·ts·, •and ·we plan to' do this.
The mechanical methods that we have previously
used to manipulate creosotebush vegetation
are directly
applicable
to other desert shrubs and trees.
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The size of the manipulated
area will be based on the body size and
mobility of the different
species.
Mechanical treatments
of areas of 20
hectares
or more are feasible.
We intend to coordinate
these manipulation
~tudies as far as possible with those planned by other people in the Tucson
Basin.
5.3.10.5.

Expected

Results

We expect that these studies will provide sufficient
information
on the processes
of reproduction
and mortality
of the three
lagomorph species,
as functions
of independent site variables,
to allow
the inclusion
of these species in an overall model of the Sonoran Desert
biome.
The studies will also provide information
on dispersion,
and age and sex structure
of populations
of these species.
5.3.10.6.

Literature

mobility,
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IQtal

Budget:

\ •• ~ >~·,:. •\'
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5.3.11.

Bioenergetic
Effects of Pelage
Desert Uiome Rod8nts

and Microhabitat

Insulation

of

Project Leaders:
J. Homer Ferguson, Department of Biological
Sciences,
University
of Idaho, Moscow, Idaho; Donald R. Johnson, Department of
Biological
Sciences,
University
of Idaho, Moscow, Idaho
Where Conducted:
laboratory

Hanford,

Washington;

Curlew Valley;

Tucson,

and the

Abstract:
Studies will be made on several species of desert rodents in order
to assess.the
effects
of season upon insulative
quality of fur and
nests.
The relationship
of certain
aspects of behavior .. to metabolic•·
economy of these species will also be investigated.
5.3.11.1.

Objectives:

In this investigation
the value
aspects of behavior to the metabolic
determined.
5.3.11.2.

Previous

of fur, nest insulation,and
economy of desert rodents

certain
will be

Work:

Studies with Peromyscus (Johnson, 1926; Nicholson,
1941; Sealander,
1952) and Microtus (Stark, 1963) have shown that temperatures
of occupied
nests are from 7 to 24°c. higher than the immediate surroundings.
Huddling of two ·or more individuals
in the nest has been shown to be
common during winter conditions
(Fitch,
1958; Nicholson,
1941).
There is also evidence that nest building activity
in Peromyscus is
greater in winter than in summer (Fitch,
1958; Sealander,
1952).
From
another approach, Pearson (1960) demonstrated
a reduced energy expenditure
by harvest mice at low temperatures-that
is a result
of nest building
and huddling.
In another investigation,
Morrison and Tiez (1959) found
significant
differences
of heat ·1oss in Clethrionomys
and Sorex depending
upon the condition
of the fur (fluffed
or smooth) and position
of the bcdy
(extended or curled).
One could interpret
f1:om these reports
that heat flux in·animals
depends upon extent and thickness
of fur, and external
conditions
(i.e.
air movement).
It is therefore
important to look at the insulation
of
desert organisms and compare it to added insulation
of -the nest in
order to derive a total picture of insulative
economy. This can be
evaluated as a comparison of net energy loss (or heat production)
by
the animal at different
temperatures
and seasons.
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Procedures:

Several species of desert rodents (Dipodomys ordi, Q_. microps,
Citellus
townsendi, Perognatus
parvus, Peromyscus maniculatus,
and
Eutamias minimus) will be collected
along with their nests on the
Hanford Reservation,
at Curlew Valley and at the Tucson Validation
site.
In some cases it may not be possible
for the investigators
to collect
the
animals and assistance
will be obtained from local collaborators.
Animals will be collected
in January, April, July, and October in order
to assess the effects
of season upon insulative
quality of both fur
and nests.
Animals will be collected
from three sites,
as stated
above, which vary in climatic
conditions
resulting
from latitudinal
positions
from north to south.
Other investigators
have found that
huddling increases
the efficiency
of heat economy (Pearson, 1960;
Fitch, 1958; Nicholson,
1941).
Metabolic efficiency
of single and
huddled animals will be determined,
Field:
All animals and nests will be weighed at time of collection.
Burrow and air temperatures
will be recorded for several twenty-four
hour periods at the time of collection.
Temperatures within the nests
~ill be recorded by means of radio transmitters
or thermisters
(whichever is most feasible).
Transmitters
will be attached to captured mice
so that they may be taken. into the nests and released
(see Hayward, 1965).
In this way, burrow temperatures
will be recorded while the nests
are occupied and unoccupied.
All transmitters
will be constructed
by the principal
investigator
at minimal costs.
Temperature of the soil
at nest level will be determined at the time of collection.
Soil
temperatures
act as a heat sink and can be assumed to provide the
function of ambient temperature
of the air in the case of a free-running
animal.
Laboratory:
The animals will be brought into the laboratory
where
experiments will be conducted to determine the effects
of the following
factors:
1) nesting;
2) huddling;
3) seasonal alterations
of insulation
and nest quality;
4) latitudinal
aspects of specific
adaptation
and
seasonal effects.
5.3.11.3.1.

Direct

Analysis

of Insulation

Insulation
will be determined as the rate of cooling where
dT/dt = C(TB - TA) (see Morrison and Tietz, 1957).
C = cooling
c~nstant,
TB= b~dy temperature
and T is the ambient temperature.
Freshly
4
killed animals will be exposed to ambient
temperatures
similar to those
found at the study areas~and rate of cooling as a function of time will
be determined.
The data will be plotted as log (TB - TA) against time in
minutes and rate of cooling will be determined graphically
as the slope
of the regression
li.ne describing
this relationship.
Thses values can be
converted into units of thermal conductivity
and will give estimates
of
thermal insulation
in Clo units.
Cooling rate will be determined
in animals with fluffed
and smooth fur and in the extended and curled
conditions.
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Identical
values will be determined with the animal in the
nest.
The effective
insulation
of the nest will be taken as the
difference
between the values obtained from the animals and the values
obtained with the animals placed in the nests.
5.3.11,3.2.

Thermogenesis

The importance of nesting and huddling to the energetics
of these
species can best be determined as a function of metabolic rate.
Animals
will be exposed to normal a~bient temperatures
(as determined in the study
areas) 1 and co2 release and o2 uptake will be recorded .. Oxygen will be.
analyzed by means of an open system respirometer
employing a Beckman
paramagnetic
oxygen analyzer
(see Chew, et al., 1965).
The oxygen
analyzer will be connected in series with drierite
for ,removal of water
and ascarite
(8-20 mesh) for uptake of COz, Air will pass through the
drierite
and ascarite
prior to oxygen·analysis.
co1 will be measured
by means of a continuous carbon dioxide analyzer using a manometric
principle
(see Harvard Apparatus Co. Model 2000).
5.3.11.4.
stated

Expected

Results:

The heat output by the rodents under the conditions
previously
can be easily assessed from metabolic data.
By analyzing both

02 uptake

and COz releases,

any shift

to a pure

carbohydrate

or lipid

metabolism should be easily recognized.
This should enable us to
determine more precisely
the thermal equivalence
of oxygen utilized,
Metabolic data will indicate
the relative
efficiency
and energy
expenditures
under different
conditions.
One would expect a reduction
in heat loss as a result of huddling or nesting,
These data should
allow us to calculate
the total energy budget for these species at
different
seasons of the year provided sufficient
data is ultimately
available
to indicate
the approximate time spent in the nest, while
huddling,
etc.
As previously
statedlanalysis
of thermal conductivity
both in
the nest and exposed should reveal differences
in thermal insulation
between species and for a single species throughout the year.
These data
can be compared to the metabolic data and will provide an alternate
means of determining
the comparative efficiency
of nesting and pelage
insulation.
5.3.11.5.

Literature
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5.3.11.6.

Total

Budget:

$8,903

in the California
factors affecting

of
and huddling
33:63-71.

vole, Microtus
its nests.
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5. 4 .1.

Invertebrate

Studies

General

The problem of developing,a
species-process
matrix for the inverteb~ates
in order to develop an overview of the total resl!arch need in these forms
is considerably
more difficult
than it is in the case of plants and vertebrates.
In the latter
cases, the important species are fairly easily.recognized
and comparatively
few in number. Many thousand species of invertebrates
are expected to occur in the validation
sit~s.
While a few are quite abundant
and of rather obvious importance in terms of moving energy and material,.
it by no means follows that the remaining less-abundant
forms can be ignored
as in the case of the plants and vertebrates.
For, ~vhile no one of these
species may move a significant
amount, they may collectivmly
be responsible
for a major fraction
of the energy and material
flow by virtue of their
sheer numbers.
It is therefore
probable that many of these studies will combine
species or even genera into blocks that will be treated as individual
species.
These problems were considered at the Invertebrate
Specialists'
Meeting held in Tempe, Arizona in February of 1970, and some tentative
view developed.
But final decisions must again await the initial
inventories
of the proposed validation
sites.
These will provide a better knowledge
of what exists on the sites than is now available.
Because of these uncertainties,
the proposed funds apportioned
to
the invertebrate
studies have been substantially
less than those allotted
to plant and vertebrate
studies.
The studies proposed are on species of
obvious importance on one or more of the validation
sites,
and largely
on demographic, food-intake
and bioenergetic
processes and deemed important
under the same rationale
used in the case of the vertebrate
precesses.
Eventually,
the outlay f,or invertebrate
be increased to a substantial
degree.

process

studies

will

undoubtedly

Proposals for process studies on invertebrates
were in part carried
over from the proposal submitted in 1969; in part they were developed as
a result of invitations
issued in January 1970 (see Anpendix 7.1.).
Following
review, eight process studies on invertebrates
were selected
for inclusion
in this proposal for 1971. They are listed below, and details
of each
will be found in the Sub-section
indicated:
Demography and Bioenergetics
of Herbivorous Ants in a
Desert Ecosystem as Functions of Vegetation and Soil
Type, and of Weather Variables ...................................
Colony Distribution
Density

of Termites

as Related

5. 4. 2.

to Population

and Habitat ..............................................

Demography and Foraging Activity of Leaf-cutter
Ants,
Acromyrmex versicolor
in Relation to Colony Size and
Location~ Season, Vegetation,
and Temperature ....................

5.4.3.

5.4.4.

5.4.1.-7
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Demographic Studies of Sagebrush Insects as Functions
of Various Environmental Factors .................................

5.4.5.

The Relationship
of Desert Plants and Grasshoppers
Population and Systems Ecology ...................................

5.4.6.

Ingestion,

Defecation

in the Desert

Respiration
Bioenergetics

in

and Growth Rates of Grasshoppers

Biome . .............................................

Rates of Grasshoppers
and Distribution

and other Arthropods ...........

5. 4. 7.

5.4.8.

of Pogonomyrmex Harvester

-An.ts in the Desert ...............................................

5.4.9.
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5.4.2.

Demography and Bioenergetics
of Herbivorous Ants in a Desert
Ecosystem as Functions of Vegetation and Soil Type~ and of
Weather Variables.

Project

Leader:

Walter G. Whitford, Department of Biology, New
Mexico State University,
Las Cruces, New Mexico

Co-investigators:

8800i

George Ettershank,
on leave from Department of
Zoology and Comparative Physiology, Monash Univ.,
Clayton, Victoria Australia and Texas Tech Univ.
Ellis Huddleston, Entomology Section, Texas
Tech University.

Where Conducted:

Jornada,

and the laboratory.

Abstract:
The density, biomass and, population structure.of
important
species of harvester ants in the Chihuahuan Desert, i.e.,
Pogonomyrmex
sp., Novomessor sp. and Veromessor sp. will be estimated to serve as
the basis for comparison with estimates of annual plant and seed production.
Ingestion,
egestion,
and metabolic rates of ants studied
in the laboratqry will add data necessary to evaluate the role of ants
in energy transfers
in a desert ecosystem.
These studies will provide
data essential
to the evaluation of the role of harvester
ants in a
desert ecosystem.
5.4.2.1.

Introduction:

In order to evaluate the role of harvester
ants in a desert
ecosystem, it is necessary to estimate the percentage of ~n ant colony
that is active above ground at different
times of the year, the diurnal
activity
pattern,
the type and amount of plant material carried to the
hills,
and the energy requirements
of ant populations.
It is also
necessary to estimate population denstiy of various species of ants.in
order to make meaningful estimates of the role of ants in the whole
ecosystem.
These data will provide a basis for evaluating energy
transfers
between ant populations
and other components of a desert
ecosystem.
5.3.2.2.

Objectives

structure

5.4.2.2.1.
To estimate density,
of harvester
ants in the Jornada

temperature

5.4.2.2.2.
To measure activity
and season.

biomass,
area.
patterns

and population
as Junctions

of

5.4.2.2.3.
To measure food-consumption rates and species
plants consumed as functions of vegetation
phenology and production,
season, and temperature.
5.4.2.2.4.
and metabolic rates

To measure excretion
of harvester
ants.

(egestion),

assimilation,

of·
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Justification

Harvester ants appear to be among the most important invertebrate
species in several of the validation
sites,
devegetating
major portions
of the land area (up to 5 or 10 percent, in some cases) and moving
considerable
amounts of organic matter into the depths of the ground.
They also serve as a major food source for several secondary consumers.
Consequently,
there's an important functional
role in the desert
ecosystem, and their processes need to be clearly understood in order
to incorporate
them into the desert model.
5.4.2.4.

Previous

Work

Preliminary
observations
dealing with the activity
of ants and
accumulation of plant parts and seeds in ant mounds have been made
during the past year by the principal
investigator
and undergraduate
students supported by an NSF Undergraduate Research Participation
Grant, as a part of an analysis of a food chain involving ants and
horned lizards
(Phrynosoma).
Samples of plant materials
stored in
the surface chambers of five nests of Novomessor cockerelli
consisted
of a variety of seeds of annual plants.
The average weight of plant
parts stored in the chambers in the upper 60 cm of the nest was 44.3
grams. Tevis (1958) in his studies has found that
harvester
ant nests may extend to depths of 5 meters in desert areas.
In ou~ preliminary
survey we estimated that there were approximately
45 harvester
ant nests
(not necessarily
one species) perhectare.
This would indicate that harvester ants store and utilize
a significant
portion of the primary productivity
of a desert area.
In a study of the bioenergetics
of the southern harvester
ant,
Pogonomyrmex badius, Golley and Gentry (1964) found that the energy
flow in this species was considera.bly higher than that of two important
homoeotherms in an old field ecosystem.
In addition,
they estimated
that this species consumed a major portion of the seed production of
an old field each year.
Although this study was not conducted in a
desert area, it does suggest that harvester
ants are extremely
important components in an ecosystem.
5.4.2.5.

Procedures:

5.4.2.5.l.
Estimation of density, biomass, and population
structure
of important species of harvester
ants:
The number of
active ant hills per unit area will be determined by counting and
marking all hills with a metal stake within a predetermined area.
The
number of ants per hill and population structure
will be estimated by
destructive
sampling of several hills on an area adjacent to the study
area.
Density will be estimated on the basis of the number of ants
per hill multiplied
by the number of hills per unit area.
Biomass
will be estimated from oven-dry weights of samples of 20-25 ants.

5.4.2.
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Estimates of diurnal and seasonal surface
activity
of ants will be made.by direct observation.
Observations on
activity
will be made for two or three whole-day observations
each
month. Surfacing ants will be marked with a spot of paint for identification.
This simple mark-recapture
technique will allow estimation of
the population density of surface-active
ants by applying suitable
analyses (Bailey>1951; Leslie,1952).
By observing marked individuals,
estimates of foraging range and .intensity
of foraging can be made.
During the observations,
periodic measurements of ambient and soil
surface temperature will be made to provide data for establishing
estimates of heat production on a yearly basis (Alexander and Whitford,
1968).

5.4.2.5.3.
Productivity
of annual plants will be estimated
by harvesting random quadrats.
Fixed quadrats for phenological
reference will be examined at weekly intervals.
These data are
necessary for analysis of type and quantity of plant materials
transported
by ants to the nests.
5.4.2.5.4.
Observations on the type and quantity of plant
material transported
to the nests will be made on a weekly basis
during all periods when ants are active on the surface.
Materials
carried by ants to the nests will be taken from returning workers,
identified,
and oven-dried for biomass determinations.
The data
will provide quantitative
and qualitati.ve
estimates of the rate of
accumulation of plant parts in ant hills.
5.4.2.5.5.
Estimations
of heat production and rates of
ingestion and egestion will be made in the laboratory.
Heat
production will be determined by oxygen consumption measured at
different
temperatures
in a Gilson respirometer.
Techniques for
maintaining populations
of ants in the laboratory
and measuring
food intake and collecting
feces will have to be developed.
Energy
contents of food materials
and feces will be measured by bomb
calorimetry.
5.4.2.6.
Cooperation of Co-investigators.
•While most of the
research will be conducted at the New Mexico State University Ranch
Site, it is expected that some work will be conducted at the Tucson
and Curlew Valley Sites.
The efforts
of Drs. Ettershank and
Huddleston will be of particular
value, since these investigators
will be conductinp, similar studies on the Pantex Site of the
Grasslands Biome Program.
Both programs will naturally
benefit
from the contributions
of a man of Dr. Ettershank's
experience and
interest.
His return to Australia
in 1972 will enhance cooperative
studies in the international
phases of the IBP.
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5.4.3.

Colony Characters of Termites
Density and Habitat.

Project

Leader:

Where Conducted:

as Related

to Population

William L. Nutting, Department of Entomology",
University
of Arizona.
Vicinity

of Sonoran desert

validation

sites.

Abstract:
Because of their cryptic and colonial habits,
there are relatively
few comprehensive studies concerned with the ecology and demography of
termites.
All termites utilize
cellulose
from a variety of sources as
their principal
food and exhibit daily and seasonal cycles of activity
related to reproduction,
foraging,
feeding, and shelter building which
are probably governed primarily by temperature,
moisture, and perhaps
photoperiod.
On the basis of very fragmentary evidence, it has been
concluded that competition for colonizing and nesting sites may be
greater than for nutritive
resources,
even in habitats
supporting
abundant termite faunas.
Most of the ecological work bearing on these
subjects has been done with European, African, and Australian
species.
However, since the Tucson Basin contains the richest and most diverse
termite fauna in America north of Mexico, .. ,it is· the most strategic
place
for this type of study in the United States.
It is proposed to conduct a complementary field-sampling
and
laboratory
program to determine the colony size, distribution,
and reproductive
capacity of certain termites as functions of their
population density,
food supply, and physical environment.
Laboratory
colonies under controlled
conditions will be ased to determine food
intake, excretion,
and reproductive
rates..
One dry-wood species.
(Pterotermes occidentis)
and one subterranean
species (Heterotermes
aureus) will be studied in detail until methods are sufficiently
refined so that work can be expanded to include more of the. 16 species
occurring in the Tucson Basin.

5.4.3.l.

Introduction:

The termites form a small, homogeneous order of approximately
2000 species, all of them social.
There are approximately 40 s~ecies
in the continental
United States and at.least
16 of these occur in
the Tucson Basin.
This represents
the largest number and greatest
diversity
of species in any area of comparable size in the country.
All termites feed on plant material and are presumed to utilize
cellulose
as their primary source of energy.
Six of the species in
the Tucson Basin live in and feed exclusively
on dead wood. One of
them (Pterotermes)
is restricted
goegraphically
to the low-moisture,
high-temperature
conditions
of the Sonoran Desert.
The other 10
species are subterranean
and feed on cellulose
from a variety of
sources, including wood, dried vegetation,
dung and humus. .This area
is therefore undoubtedly one of the most strate[~C places.for
the study
of termites in the United States.

5.4.3.
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Because of their cryptic and colonial habits, there is significant
ecological or biological
information available for perhaps ·only 5% of
the world fauna, and this figure is not much higher for the fauna in
the proposed area of study.
When periodic attempts are made to
synthesize some aspect of insect social organization,
it becomes very
evident that research on termites is lagging behind that being done
on other social insects,
To cite a recent sample, Brian (1965), in
his small book, :has 'drawn upon over 400 papers to summarize the
influence of social structure
on population growth and regulation.
The bulk of the references dealt with ants and bees, with 5% of the
total on the social wasps and only 7% on the termites,
The most advanced
termites probably have a more complex social structure,
and certainly
more elaborate nests, than any of the other social insects,
yet none
of them is sub-social,
as are many of the Hymenoptera, and the origins
of their behavior are largely unknown.

5.4.3.2.

Objectives:

To determine colony size, distribution,
and reproductive
capacity
of two or more species of termites in the Tucson Basin as functions of
their population_density,
food supply and physical environment.
The study will involve
features in each species:

a detailed

5.4.3.2.1.

Size,

5.4.3.2.2.

Distribution

5.4.3.2.3.

Utilization

distribution

consideration

of the following

and territorial

extent

of the

colonies,
and abundance of the food supply.
of food.

5.4.3.2.4.
Changes in colony size,
of new ones.

death of old colonies

and appearance

5.4.3.2.5.
Reproductive capacity
reproductives,
and annual alate production.

5.4.3.2.6.
factors,

particularly

of queens ~nd/or supplementary

Dependence of the above functions
temperature and moisture.

on physical

Initial
efforts will be concentrated
in two common termites:
wood species ·(Pterotermes occidentis),
and a subterranean species
(Heteroterr.1es aureus).
--

a dry~

Once methods for studying these species have been refined,
the
work can be expanded to include more of the 16 species of te·rm-it~,; in
the Tucson Basin.
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Justification

Tet'11lites are important movers of energy and material over much
of the southern U.S. deserts,
particularly
in the specialized
role of
breaking down standing dead matter.
This important series of links, in
what may be called the detritus
food chain, needs to be depicted
quantitatively
to ensure that that portion of the desert system is
incorporated
into the Biome computer model. Consequently,
a comprehensivedemographic study of termites in the Sonoran desert is herewith
proposed.
5.4.3.4.

Previous

Work

u

On the basis of very fragmentary evidence, it has been concluded
that temperature and moisture are the ..major physical factors limiting
termite dispersal,
and that competition for colonizing and nesting
Sites is probably greater than for nutritive
resources.
Very few
·comprehensive ecological
investigations
have been attempted on
single species,
and none so far as known on any North American species.
The present supply should therefore
stimulate renewed interest,
and
begin to supply some of the basic information required toward a better
understanding
of their complex economy and social organization.
In the United States there are some 15 persons actively working
on various aspects of termite biology; however, of these the following
are contributing
only peripherally
on other species in the area of
this proposal:
McMahan (1966a, b), feeding preferences
and food
transmission;
Stuart (1967), Stuart and Satir (1968), trail-laying,
alarm, defense and construction
behavior; Weesner (1953, 1956, 1965),
mainly colony foundation and seasonal flights.
The project leader
has published basic biological
information on some of the species
which will be used in this study (Nut'ting, 1965, 1966a, b).
General and technical
information on termites of rhe United States
is contained in three publications:
Kofoid, ·-1934; Snyder, 1954; and
Weesner, 1965. There are complete bibliographies
of the world
literature-on
every aspect of termite systematics,
biology and control
in four additional
publications
by Snyder (1949, 1956, 1961, 1968).
Recent reviews on colony formation,
social organization,
and biology
have appeared by Harris (1958), Harris and Sands (1965), and Weesneli
(1960).
During 1967 the project leader also prepared a contribution
covering the entire behavioral
cycle from pre-flight
activities
of the
termite colony, flight and postflight
behavior, through the foundation
and development of the mature colony (Nutting, 1969). The following
paragraphs continue with a brief review of some of the classic or more
recent papers which are pertinent
to thi.s proposed ecological
study.
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Ecological and Demographic Studies.
Emerson (1949, 1955) has
provided general treatments of the zoogeography, ecology, and social
organization
of social insects and of termites in particular.
Although
there are no notable ecological studies on North American termites,
DuRant and Fox (1966) have recently given estimates of the relative
abundance of species of Reticulitermes
among the other arthropods of
forest-floor
habitats
in the south-eastern
United States.
Goodland
(1965), working in savannas of British Guiana, correlated
the
distribution
of Nasutitermes ephratae with quantitative
expressions
of vegetation and environmental factors.
Most of the major contributions on the local distribution
of termite populations have come from
studies on African termitids
(Bodot, 1967a, b; Hartwig, 1956, 1966;
Sands, 1961, 1965 c), or hodotermitids
(Hartwig, 1965). Several of
these studies contain techniques and background which will be useful
from a comparative standpoint.
Medler and Wagner (1964) described a radioactive
tracer technique
for estimating the number of individuals
in ant colonies.
Sands (~965a)
studied the density of colonies of Trinervitermes
ebenarianus and, by
appropriate
sampling of mound nests, made estimates of populations
and of alate production per acre.
Unfortunateiy,
none of the species
in the United States builds discrete mounds, so that his technique
could not be applied to any of the termites in this region.
Hocking
(1963) developed a novel technique for studying ~he spatial distribution of colonies by observing the behavior of workers toward others
of the same species.
This method was also used, apparently
independently,
by Nel (1968) to determine the foraging territories
of
colonies of Hodotermes mossambicus and Trinervitermes
trinervoides.
Many species have been studied with respect to alate development,
colony foundation, and the growth, composition an4 maturation of
colonies.
The bulk of the literature
in these areas has been
reviewed by the project leader (Nutting, 1969). Pertinent and
representative
examples include those by Grasse and Noirot (1958),
Kalshoven (1930, 1959), (Kalotermitidae);
Castle (1934), Clement
(1956) (Hodotermitidae);
Buchli (1950) (Rhinotermi~idae);
Bannerjee
(1966), Becker (1961), Bouillon (1964), Bouillon and Lekie (1964)
(Termitidae).
Sands (1965b) contributed
a particularly
interesting
study on alate development and colony foundation in five species of
Trinervitermes
as related to their ecological and physical environment.
Food Supply and Utilization.
A great many pap.ers make incidental
mention of the food of various species, but relatively
few have been
concerned with the details-·of
the food supply.
Sand$' (1961b) study
of five species of Trinervitermes
which feed on grasses is exceptional.
More papers have considered such practical
matters as tir.lber losses
(Greaves ~ al., 1967), general effects of termites on vegetatioi.
(Leistner,
1967), or the destruction
of leaf litter
and dead wood
(Hopkins, 1966). The fact that there appears to be much unexploited
food for termites in many habitats spporting rich faunas, led
Emerson (1955) to conclude that the competition for colonizing and
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nesting sites may be greater than for nutritive
resources.
On the
other hand, as a result of careful ecological
studies on two species
of Coptotermes in semi-arid Western Australia,
Greaves (1962)
suggested that the wide spacing of mature colonies resulted
from
active competition for food. Perhaps this case is exceptional;
however, many more similar studies,
in a variety of habitats,
will be
required to test the validity
of Emerson's intriguing
observation.
Much of the remaining literature
on food is not immediately
relevant to the present proposal,. since it_is largely concerned with
the problems of nutritional
requirements,
cellulose
digestion,
food
selection,
and food exchange between members of the cqlony (trophallaxis)
•
.For example, a study by McHahan (1966a) on the feed'ing preferences
of •
the dry-wood termite Cryptotermes brevis, suggested that conditioning
of a colony to c·ertain woods may_influ._ence the selection
of future
nesting sites by ·the alates of that colony.
Working with several
species,
Becker (1965b) found that the attractiveness
and nutritive
value of wood varied considerably
with the species of fungi in the
wood. The quantity of feeding was found to depend upon the water
content of the wood, which is in turn a function of the soil or
surrounding humidity (Becker, 1965a).
A further complicating
factor
has recently been introduced here with the finding by Smythe et al.
(1967) that the secretion
of the sternal gland (a trail scent_)_i;_Reticulitermes
is apparently similar to some of the attractants
in
fungus-infected
wood. The significance
of this coincidence with
respect to termite behavior is not known. All of these findings would
eventually have to be considered in any refined approach to problems
of feeding and nutrition.
Radioactive
tracer studies on food exchange by Alibert
(1963),
Gosswcld and Kloft (1963), and McMahan (1966b) 2.re among the better
ones in this category.
In all of this work it has been found that
the early larvae, pre-alates,
and alates probably do not feed
directly,
but are fed by the primary feeders - the larger larvae,
nymphs, psedudergates
or workers, as the case may be. It is
obvious that the primary feeders must be recognized and used in the
determination
of food intake rates.
Hathot's
(1964) work on the daily
rhythm of worker food intake in Cubitermes exiguns is of interest
from the comparative point of view.
Snyder (1948) provided a rough
analysis of the composition of fecal pellets
of Cryptotermes br~vi~,
while Harvey (1942) and Skaife (1955) mentioned the volumes of wood
consumed by Incisitermes
minor and Amitermes hastatus.
Although it has not yet been done, there is obviously much in
the way of techniques,
methods, and ways of thinking to be gained from
a search of the literature
on other social insects,
and of the ants
in particular.
B~ian's (1965) synthetic
review of social insect
populations
and the section on ant ecology in Gregg's (1963) book
are outstanding
cases in point.

.5.4.3.
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Beginning in 1962, a series of meetings has been sponsored by the
Building Research Advisory Board of the National Academy of Sciences
and the National Research Council to encourage communication among
those involved in all phases of termite research.
The first meeting
was held at Purdue University in 1962, the second in Biloxi, Miss.,
in 1965, and a third may be scheduled for late 1969 or 1970. These
meetings have been highly successful
in broadening the information
exchange on an international
basis, and were largely responsible
for
production of the very comprehensive two-volume work entitled
"Biology of Termites" by a group of 19 authorities,
Volume 1 of which
is now published (Krishna and Lechleitner,
1969).
5.4.3.5.

Procedures:

Intensive studies will begin-with two common termites in the
Tucson Basin, the dry-wood species, Pterotermes occidentis
(Kalotermitidae),
and the desert subterranean
species, Heterotermes
aure.us (Rhinotermitidae).
These have been chosen for a number of
reasons.
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Pterotermes
is probably the most primitive
dry-wood termite in
the world and it is endemic to the Sonoran Desert.
Its colonies,
numbering from a few hundred to a few thousand individuals
are thus
far known from the dead wood of only three plants:
Cereus giganteus,
Cercidium floridum, and Yucca whipplei.
The colonies are relatively
easy to find, but must be collected
by a laborious process of sawing
the wood into short lengths,
splitting
open the galleries,
and
removing the termites almost one by one. However, because of the
small size and relatively
simple social structure
of the colony,
it is easily maintained in the laboratory,
Heterotermes is one of the commonest subterranean
termites in
the Sonoran Desert and adjoining regions of western Mexico. Very little
is known about this termite,
although its biology and social organization are probably similar. to the North American and European species
of Reticulitermes
which have been studied extensively.
Although its
colonies must contain tens of thousands of individuals,
it should be
µractical
to maintain parts of colonies in the l~boratory as for
Reticuli t~rmes .
. .Termites exhibit daily and seasonRl cycles of foraging, feeding,
and shelter building which are presumed to be regulated primarily by
tem1>erature·and moisture.
Queens lay one or more batches of eggs
each year during warmer months, so that colonies grow by proportionately
adding the annual hatch to each of several lines or castes.
Subterranean snecies commonly produce supplementary reproductives
which
add significantly
to the egg production of their colonies.
Further,
mature colonies produce a seasonal "crop" of winged reproductives
which disperse in one or more flights
to found new colonies.
Kings
and queens he~ding individual
colonies are very long-lived
(one or
more decades), and the members of each caste may live for se·,eral
years.·
The color.y has few natural enemies ·and' thus may live for many
years ·:(Kalotermi{Jae,. 10-24 years; Termitidae 30-80 years; Nutting,
1969).
In the rare case where a colony declines and dies, the
vacated territory
may be filled by a number of incipient
colonies
and eventually
by a single mature colony.
Both dry-wood and subterranean
species can be maintained for
many.monthe or years in artificial
nests.
One type of nest consists
of two layers of glass with thin slices of wood, "termite high, 11 •
framing and partly filling
the space between.
Removable glass
sections on one side of the nest provide access to the inside for
.sampling, cleaning,
etc.
Drywoc>dcolonies can he supplied sufficient
moisture through a ·tube and cotcon wick, while subterranean
species
may require periodic introduction
of blocks of 4% agar.
Another
simple,' flexible
type of artificial
nest can be made of plastic
petri dishes interconnected
with polyethylene
tubing.·
The dishes
are supplied with thin wood slices on a layer of plaster of Paris
with a watering hole, or agar, depending on the moisture requirements
of the species.
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Ecological
and Demographic Studies.
A complementary
program is
planned to gather data on each species
throughout
the year.
Since
termites
are social
insects,
they must be dealt with in terms of
colonies·rather
than as ind~riduals.
Data derived
from work with
individuals
should be relate{
to their
capabilities
as members of the
colony.
Several fairly
largE areas of at least
an acre each should
be reserved
for population
wo:k near the intensive
study site.
Depending on the orientation
cf the over-all
program, it might be
desirable
to coi1s-tdet' the effe~ts of grazing
on the distribution
of
colonies.
Periodic
sampling s·iould probably
be continued
for at
least
three years to produce s~nificant
information
on changes in
colony size, decline
and death~
old colonies,
and the appearance
of
new colonies.
Suitable
methods 'or mapping and determining
the size
density
and terrftorial
extent o: the colonies
will have to be worked
out as the field work progresses.
Some possibilities
for accomplishing
this phase follrw,
Since dry-17ood termites
nest mtirely
in wood above ground, the
colonies
can b~found relatively
esily
by cutting
into dead trees,.
branches
and Lrger ·pieces of falle:i wood.
An annual,
or perhaps more
frequent,
cem1s could be taken by ?Xtracting
each colony from its
nest,
then re·urning
these to- arti.':.cd:al
hollo:wsl. in substitute·
:pieces
of wood simil:r .in size and quality to the original.
Subterr:nem
colonies
can be located by foraging
groups working
above ground unter stones or in rand01 dead wood and miscellaneous
plant
material,
p,rtimlarly
during the wan, wet months.
The foraging
territorief
of lbdoterrnes
colonies
wer~ determined
by observing
the
presence
o· abse,1ce of aggressive
beha•-ior between groups of foraging
workers (~l, 19,8).
It might be possble
to estimate
the number of
individua:s
in a colony by using radioa·tive
tracers,
following
the
dye-dilutlon
tecmique
for determing
blcod volume.
Although this
method w;S found rather
unsatisfactory
f,r colonies
of the ant,
Formica :inerea,
its application
to term:tes
should be considE1red
(Medler nd Wagn~r, 1964).
By digging U} a few entire
colonies,
it
might p:)ve that the size of surface
for~ing
groups bears a useful
relatin
to col,ny size.
tily and seasonal
cycles of foraging,
feeding,
and construction
can b, followef by periodic
observation
of certain
subterranean
colot~s
on tle study site.
Since dry-wood species never leave their
galldes
in che wood, their activities
must be studied in artificial
nests, eithe: sheltered
in the field,
or under simulated
outdoor
coo!:'tions it a climate
chamber.
Correlation
of this behavior
should
be smght w:i.;h fluctuations
in the physical
environment,
µarticularly
tei~rature
moisture, and photoperiod.
The re,roductive
capacity
of queens and supplementary
reproductives
~il have b be determined
by close observation
of individuals
in
::,oratory colonies
under controlled
conditions.
Annual alate produc:~n can be counted by opening up dry-wood colonies
or by covering
•.e exit h,les of subterranean
colonies
with large screen cages
.iring the flight
season.
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Food supply and utilization.
The favored species and parts
of dead plants and their relative
abundance will be studied in the
field.
Food intake and excretion rates by appropriate
numbers will
be determined with laboratory
colonies.
Samples of different
types
of ingested food and the resultant
excretory products will be
obtained for determining the efficiency
of food utilization
by
calorimetric
analysis.
Using this information,
patterns,
it may be possible
the demographic characteristics
5.4.3 ..
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5.4.4.

Demography, Foraging Activity of Leaf-Cutter:Ants,
Acromyrmex versicolor
in Relation to Colony Size and
Location, Season, Vegetation,
and Temperature.

Project

Leader:

Where Conducted:

Floyd Werner, University
Vicinity

of Arizona.

of Sonoran Desert Validation

Sites.

Abstract:
The impact of leaf-cutter
ants on Sonoran desert vegetation
will be studied by observing the time and intensity
of foraging
by workers.
Colony size will be estimated by capture-recapture
methods.
The amount of vegetative
material gathered will be
determined by sampling returning
ants, and drying and weighing
the leaf material
they carry.
Colonies will be excavated to
relate size and activity
of the foraging force to the total size
of the colony.
Laboratory colonies will be maintained at
diffe~ent
temperatures
to determine the effects of temperature
on development and longevity.

5.4.4.1

Objectives:

5.4.4.1.1.
To measure the quantity and composition of
plant parts moved into nests and relate them to colony size,
location,
and plants available.
5.4.4.1.2.
stages

and longevity

5.4.4.2

To establish
rate of development
of adults under known conditions.

Justification:

Leaf-cutter
ants obviously
and material over much of the
play an important role in the
and that role must be measured
5.4.4.3

of immature

Previous

are important movers of energy
Sonoran deserts.
As such, they
functioning
of the entire system,
and provided for in the Biome model.

Work:

Although this species has not been reported on very thoroughly
in the literature,
other species in this genus and in Atta have been
studied in some detail.
The actual food of the ants is not being
measured in this study, since the food consists very largely of a
specific
fungus that is introduced into the colony by the young quczn
and cultured on a spongy mass of introduced plant material
(see We:,e::~,
1955, for summary). Species of Acromymrex do not have sharply-detin2~
worker castes,
there being a gradation from small to large,
In other
species of the genus (Goetsch, 1939; Wheeler, 1937) the smallest
workers tend to remain in the nest, and the largest to do most of the
foraging.
Goetsch (1939) found also that the larger workers tend~d to
remain in the nest while young and enter the forag:i.ng force Jater.

5.4.4.
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Sudd (1967) indicates
that· this temporal division
of labor may be
more general in ants than has been believed in the past.
The
co1.mting of the members of the foraging workers may therefore
not give a very precise measurement of the size of the colony.
But the size of the foraging population
determines the amount of
plant material
collected.
5.4.4.4.

Procedures:

To accomplish the first
take place in the field.

objective,

the major activity

will

Nests will be selected and marked in both the Santa Rita
Range Reserve and the Silver Bell areas of the Tuscon Basin, near
the validation
sites.
Each nest will be visited
regularly
during
the year, the visit
for the nests at one location being based on a
random-time during the 24-hour period.
For each observation,
the
length and direction
of foraging columns, the area being foraged,
and the plants and parts selected will be recorded.
Plant parts
being carried by returning
workers in a standardized
area will be
collected,
subjected to drying, and weighed.
We already know that
foraging takes place mainly at night, but we do not know the
duration of the activity.
The size of the foraging force of each
nest will be periodically
estimated
by the Lincoln index method
(Chew, 1959).
Some of the nests marked will be excavated to obtain a measure
of the relationship
between the size of the foraging force, the
amount of plant material
gathered,
and the size of the total colony.
To accomplish the second objective,
colonies or parts of
colonies will be established
in artificial
nests in the laboratory,
where marked individuals
can be followed, and the effect of
temperature differences
on rates of development and longevity
recorded.
5.4.4.5.
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Expected Results:

If the size of the colony and the amount of plant material
gathered can be related to the size of the foraging population,
the biomass of the ants and of the plants removed can be determined for the validation
sites.
Laboratory studies will provide
a basis for relating
actual consumption of plant material in thP.
form of fungus to the plants gathered.
The ants may be as important
in the ecosystem for introducing
detritus
deep into the soil
as
they are as consumers.
This factor is suspected in some species of
Atta in the wet tropics.
5.4.4.7.

Total

Budget:

$7,789.
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5.4.5.

Demographic Studies of Sagebrush Insects
Environmental Factors

Project

Leaders:

Where Conducted:

as Functions

of Various

Ting·H. Hsiao, Assistant
Professor of Zoology,
Utah State University,
Logan, Utah.
Curlew Valley

and the laboratory.

Abstract:
Growth rate and age structure
of sagebrush defoliators
and garden
casebearers
will be measured on 100 marked sagebrush plants in Curlew
Valley.
Densities will be measured on randomly selected sagebrush
tips.
Insects obtained during the sampling will be reared in the
laboratory
to determine the incidence of parasitism.
Dispersal of
marked individuals
will be observed.
Growth, survival,
and reproductive
rates of insects maintained in the laboratory will be studied in relation to temperature,
humidity, photoperiod,
and food regimes.
Food
consumption- w;I;:.t:lbe· studied in the laboratory
at different
temperatures
by presenting measured quantities
of foliage to. specified
numbers of
anjmals for limited periods of time.

5.4.5.1.

Objectives:

The influence of environmental factors on the dispersal,
population
density,
growth rate and reproduction
of the sagebrush defoliator
and
the garden casebearer will be investigated.
More specificnlly,
the
following objectives
will be included in the study:
density,

5.4.5.1.1.
To determine the seasonal history,
population
dispersal
and natural mortality
of these species.

5.4.5.1.2.
To determine the effect of environmental
on growth rate, survival and reproduction
of these species.

5.4.5.1.3.
To determine
between population size of insects
5.4.5.2.

factors

the quantitative
relationships
and the degree of host damage.

Justification:

The big sagebrush, Artemisia tridentata,
is· the single most
important shrub dominant in the cold dese~ts of western North America.
Although many insect species have been found to attack,this_plant,
the
sagebrush defoliator,
Aroga websteri Clarke, and the gurden casebearer,
Apterona crenulella
(Bruand), are by far the most important species
present in all regions of the cold deserts.
Both species have been
reported tor-each outbreak levels and cause extensive damage in certain
years.
The grasshoppers,
although important insect species in the
desert, are considered to be less important feeders of sagebrush.
The
sage defoliator
is a rather restricted
feeder.
It feeds only on
Artemisia and a few related genera.
The garden casebearer,
however, is
a polyphagous feeder attacking diverse groups of plants in addition
to sagebrush.
A detailed
demographic study of these two insects would
provide essential
input for the analysis of the ecological
relationships
between sagebrush and its primary insect consumers.

P-71
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Procedurest

5. 4. 5. 3. 1. This phase of study will be carried out in the
field.
At the beginning of the season, 100 or more sagebrush plants
will be marked randomly near the validation
study sites.
Growth rate
and age structure
of the sagebrush defoliator
and the garden casebearer
will be recorded at weekly intervals
until the end of the season
simultaneous
with temperature
recordings
in the vicinity.
Population
density will be measured by taking samples of randomly selected
sagebrush tips at the study sites and determining
the number and stages
of insects present in the samples.
Insects obtained from each sample
will be reared in the laboratory
and the number of parasitized
larvae
and pupae of each species will be recorded.
Dispersal
of the sagebrush
defoliator
will be studied by the marking, release and recapture
method.
Black light traps and bait traps will be placed in different
locations
from the point of release to determine the distance
of
dispersal.
5,4.5,3.2.
This phase of research will be conducted in
environmental
controlled
incubators
to determine the effects
of
temperature,
photoperiod,
moisture,
and food plants on growth rate,
survival,
and reproduction.
The effects
of extreme temperatures
on
survival of these insects will be investigated
with selected
stages.
The dia.pwsing largal stage of the sagebrush defoliator
and the egg
stage of the garden casebearer
will be used for determining
the
cold-hardiness
of the insects.
The active feeding larvae of both
species vill b.e used to determine the limit of heat tolerance.
Techniques for laboratory
culturing
of these insects will be
developec so as to facilitate
the laboratory
studies.

S.4.5.3.3.
Both the sagebrush defoliator
and the garden
casebeare:
are small insects with peculiar
feeding habits.
The
determina~ion of food consumption and utilization
with individual
larvae re?resent
some technical
difficulties.
A more useful method of
determinir.g the total biomass consumption by these insects is to
introduce artificially
a population
of insects
to feed on caged plants
of known biomass.
By determining
the degree of defoliation
and the
number of insects required,
a quantitative
measurement of food
consum~tion could be accomplished.
This will be measured at different
temperatures
in order to study the influence
of temperature
on food
consumption rates.
5.4.5.4.

Literature

Cited:

Hall, R. C, 1965. Sagebrush defoliator
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Budget:

$10,134.
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5.4.6.

The Relationship
of Desert Plants
Population
and·Systems Ecology.

Project

Leader:

Where Conducted:

and Grasshoppers

Robert E. Pfadt, Department
University
of Wyoming
Curlew Valley,

Hanford,

of Plant

Pine Valley,

in

Sciences,
and Alkali

Flat

Abstract:
The research proposed herewith is a study of the ecological
relationships
between host plants and grasshoppers
in the northern
desert biome.
From the point of view of population
ecology ue shall
attempt to determine the amount of herbage consumption by desert
grasshoppers
and their effect upon the productivity
and energy
turnover of the herbaceous host species.
Food consumption will be
measured ,as a function of age and such environmental
variables
as
temperature
and humidity.

5.4.6.1.

Introduction:

It is rather well documented that grasshoppers,
along with.
livestock,
big··game animals, and rodents,
are the principal
consumers
of plants in the grassland
biome (Pfadt, 1949a; Anderson and Wright,
1952: Nerney, 1960; Putnam, 1962).
Not so well studied is their
importance in the desert biome, though there are indications
that here
too they are important.
The species t1elanoplus rugglesi,which
inhabits
the arid Great Basin region (Gurney 194~),. has been observed
feeding on species of Artemj_sia, Chrysothamnus, Furshia, Lupinus,
,
Astragalus,
Carex, Poa, Bromus, and others.
Gallaway (1948) has noted
that damage to the plants is produced in two ways: defoliation,
which
is often total,
the entire leaf being destroyed leaving the plQnt in
a naked state,
and decortication
of young stems dbwn to and often
including
the cambium layer.
During years of abundance of this
grasshopner,
the latter
type of damage has resulted
in the death of
many plants.
In addition
to the destruction
of mature plants,
m.:1ny
annual and perennial
seedlings
are destroyed
in spring.
Other species of grasshoppers,
particularly
of the genus
Trimerotropis,
inhabit the d0sert biome, ·but very little
is-known about
their plant relationships
(Hewitt and Barr, 1967).
Criddle (1933)" has
observed that several species of Tr.imerotropis
select Astra.Ralus spp.
for food.
Obviously research
is needed on the food relationships
of
desert 8rasshoppers,
since the weipht of plants in the diet of a
herbivore
is essential
for a complete understanding
of its role in
ecosystem energy-cycling.
Furthermore,
the importance of a particular
plant species in supporting
primary consumers depends upon its
contribution
to the diet of the var;tous herbivores.
Because of these
considerations,
such research must be made quantitative
as well as
qualitative
which characterizes
so much of the past research.

5.4.6.
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A microsconic
technique for analyzing crop contents of insects
has been developed by several entomologists
including
Isely and
Alexander (1949), Mulkern and Anderson (1959), and Brusven and Mulkern
(1960). The method provides reliable
information
on plant species
consumed. Using this technique,
Mulkern et al. , (1962 and 1964) have
determined the host selections
of 36 species of grasshoppers
found in
North Dakota.
Recently,
Sparks and Halechek (1968) have developed a
microscopic method for estimating
dry weight percentages
in the diet of
herbivores,
and Ueckert (1968) has successfully
applied it to three
species of grasshoppers.
Ueckert found that the diet of Circotettix
rabula, an inhabitant
of the desert biome, consisted .of 80% £orbs,
chief among these being Astragalus,
Oxytronis and Lesquerella.
These studies,
however, still
lack fully quantitative
information,
as
they do not provide data on how much a grasshopper consumes nor on
the density of grasshoppers
in the habitat.
In a grassland association
of central Neb~aska, Pruess (1969)
studied the food preference
of the grasshopper Phoetaliotes
nebrascensis
as a factor in its distribution
and abundance.
He measured the density
of the grasshopper
population
and the frequency of ingestion
of
various olant species,
but he did not measure the quantities
consumed.
His major conclusion was that higher populations
of this grasshopper
occurred where preferred
hosts were more abundanc, but that annual
changes in grasshopper density were independent of primary food plants.
An important food-plant
relationship
is t:'le differences
in
favorability
of plant species in the promotion of development,
survival,
and reproduction.
A number of studjes (Brett,
1947; Pfadt,
1949b; Barnes, 1955; Pickford,
1962 and 1963; and others) have
demonstrated
that plants vary in their favorability
as food and for this
reason are an important factor in the populat~on dynamics of several
species of grasshoppers.
Just why this should be so is not entirely
clear.
The most fundamental aspect of host s~lection
in leaf-eating
species of insects inquires whether selection
is governed (a) by the
nutritional
superiority
of the plant serving as food for the insects or
(b) by the presence or absence of attractants
and repellents
in plants
of more or less uniform food value to which the insect has become
adapted (Lipke and Fraekel,
1956). The excellent work of Dadd (1963)
on the nutrition
of Locusta migratoria
and S~histocerca gregaria has
disclosed
essential
requirements
for these two gras·shoppers,
and the
equally good imrk of Thornsteinson
(1958 and 1960) on food selection
of grasshoppers
has sho\-m the imports.nee of certain chemical compounds
in plants as phagostimulents.
The specific
reason for one species of
plant being favorable as food for a particular
species of grasshopper·
and another unfavorable
is still
unknown. ~evertheless,
the importance
and relationships
of particular
species of plants to particular
species
of grasshoppers
cannot be overemphasized in 3tudies of population
and
systems ecology.
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5.4.6.2.
as hosts

Objectives

5. 4. 6. 2. 1. To determine the spe'cies of plan ts which serve
for the grasshoppers
inhabiting
the northern desert biome sites.

5.4.6.2.2.
To determine the food preference
of desert
and the relationship
of desert plants to grasshopper
survival,
and reproduction.

grasshoppers
dev~1opment,

5.4.6.2.3.
To determine the quantity of vegetation
consumed
by.grasshoppers
inhabiting
the northern desert biome sites as a
function of life-history
stage and weather variables.
5.4.6.3.

Procedures:

5.4.6.3.1.
The microscopic
technique of examining the crop
contents of grasshoppers
will be utilized.
S811\ples of grasshoppers
will
be collected
regularly
through the season at. the validation
study
sites at Curlew Valley, Hanford, and 'Pine Val),ey, and at weekly intervals
at Alkali Flat (a validat'ion
study site not included in the first year
of the program).
They will be killed immedi·~tely and preserved in
alcohol for later. examination.
A reference
collection
of plants on
slides will be made to make histological
irtdentification
of desert
plants possible.
5.4.6.3.2.
Caged grasshoppers
in an insectary
will be
offered paired species of plants freshly cut and pl?ced with water in
cotton-stoppered
vials.
.Plant' consumption will be evaluated on a 0-4
scale, the respective
ratings representing:
(O) no v.isible feeding,
(1) less than 1/4, (2) 1/4 to 1/2, (3) 1/2 to 3/4, and (4) greater
than 3/4 of the plant eaten.
Grasshoppers in cages will be fed
individual
species of Plants and combinations of species to obtain data
on effect of host plant upon development, survival,
longevity,
and
egg production.
Each treatment will be replicated
a sufficient
number
of times to make the data obtained statisti_cally
relinble.
5.4~6.3.3.
In the laboratory,
measured quantities
of host
plant will be fed to individual
grasshoppers
in the nymphal and in the
adult stages a.t varving temperatur:es.
Calculations
will then be made
to obtain dry-weight amounts of plant consumed during the nymphal and
during the adult stages.
The densiti_es of range grasshoppers
in the
study sites wj_ll he determined by an appropriate
sampling technique.
Direct observations
of the feeding of grasshoppers
in the study sites
wi'll be made for the purpose of obtaininr, information
on the nature
and extent of injury to the plants.
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5.4.7.
Desert

Ingestion,
Biome.

Defecation

and Growth Rates of Grasshoppers

Project-Leaders:
Merlyn A. Brusven,
of Idaho, Moscow, Idaho

in the

Department of Entomology, University

(Resp_irometric stu#es
will -be c◊rt'du~t'cd· in.·ri companion .:study by H. C. Smith,
Depa:r:t;ment of Entomology, University of Idaho,)'·
Where Conducted:

Curlew Valley and the laboratory

Abstract:
The research proposed herewith is a study of the bioenergetics
of grasshoppers
in the desert biome. Rates of ingestion,
defecation
an<l
growth will be determined for selected desert grasshopper species.
Rates
will be determined for different
environmental parameters, as tempe"fat'iire,
humidity, light and type of food, Much of the investigation
will be
conducted in environmentally
controlled
chambers in the laboratory.
The information derived will be important in.modeling energetics
of this
herbivorous group of insects.

5,4.7.1.

Introduction:

The precise role of grasshoppers in the desert ecosystem is gene1:ally
poorly known, whereas their significance
as primary consumers in the
grassland biome is well documented by Anderson (1961), Anderson a~d Wright
(1962), Hinkle (1938), Isely (1946), Langford (1930), Mulkern (1967),
Mulkern et. al. (1964), Mulkern ~- al. (1969), Pruess (1969) and others.
Reflected through current studies in the northern Great Basin area,
there is sufficient
evidence to indicate that grasshoppers indeed
represent,
through numbers and biomass, significant
trophic involvement
as an insect herbivore.
Grasshopper influence in the ecosystem e.xtep.ds
far beyond direct consumption .md transfer
of energy into their trophic
level.
Vege:tative productivity
may be significantly
altered by feeding,
causing ·inhibition
of normal physiological
processes including seed
production;
the latter
can be influenced both directly
and indirectly.
Ball et. al. (1942) observed the significance
of grasshopper feeding
on the inflorescence
and seeds on Arizona range plants.
Little
is. known
about the possible subtle stimulatory. eff~cts of grasshopper feedir.g on
certain plants during cert~:n times of the year.· The wasteful feeding.
habits of grasshoppers in terms of efficient
transfer
of energy into
their trophic level is often reported but poorly quantified;
the unused
and broken remains of plants are thus made available
to another trophic le·,reL
The dilemma of the ma:ority. of previous studies
has been the lack
or inability
.to express bioenergetic
processes of grasshoppers in terres
of rates.
In the few instances where grasshoppers have been bioenergetico).i.y
evaluated,
the species studied and/or the parameters under uhich such
studies were conducted
differed appreciably
from the s~ec~es or the contition~
found.in.a
desert ecosystem.
Through an attempt to resolve rates, e.g.,
ingestion,
defecation,
and growth or assimilation,
.this study is beine
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proposed in order
herbivorous
group
food habits,
and
at the Univers:ty
bioenergetics
of

5.4.7.2.

to evaluate trophic involvement of this important
of insects.
This study, coupled with demographic,
respirometric
studies currently
being investigated
of Idaho permits a functional
analysis
of the
grasshoppers.

Objectives:

5.4.7.2.l.

Ingestion,
defecation,
growth rates will be
for nymphal instars
and adults of selected desert grasshopper

determined
species.

5.4.7.2.2.
nymphal and adult

5.4.7.3.

Caloric values will be determined
stages of grasshopper
development.

for

the different

Justification:

Judging by their numbers in some years, grasshoppers
appear to ..be
important components in some areas of the northern U.S. desert ecosystem
in terms of their movement of energy and materials,
This importance
seems to vary between years, possibly as a function of weather.
Clearly
the species;processes
need to be studied in order to place their
contribution
in proper perspective
in the simulation model of the desert
ecosystem.
The study herewith proposed would measure the bioenergetic
T'' .:•reAsPR
of the major, Curlew Valley grasshopper
species.

5.4.7.4.

Previous

Work:

The Department of Entomology at the.University
of Idaho has been
conducting independent studies on the demography, food habits 7 and
respiration
of grasshoppers
in southern Idaho (northern Great Basin)
over the past several years.
Information
already obtained will be
useful in modeling population
dynamics and bioenergetics
of this
invertebrate
heterotroph.
Seasonal dispersion
and diel activity
cycles,
in relation
to important physical parameters,
have been determined for
several species.
The food habits of over 25 species of grasshoppers
have or are currently
being determined as a result
of over 5000 gut
analyses.
Bioenergetic
studies necessarily
reduce numbers, biomass and
physiological-energy
processes,
i.e.,
ingestion,
defecation?and
respiration,
to a common expression,
that of caloric
equivalency.
Relatively
few studies have dealt with the bioenergetics
of grasshoppers
and)of those, most have dealt with single species (Odum and Smalley,
1959; Dadd, 1960; Smith, 1959; Norris,
1961; and Smalley, 1960). In a
somewhat related
study, O'Neill (1968) studied the population
energetics
of the millipede
Narceus americanus (Beauvais).
In the latter,
definite
correlations
were noted with different
events in the life cycle,

.
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Four parameters have been generally investigated
in relation
to
digestibility
or assimilation
by acridid Orthoptera:
temperature,
humidity, stage of development, and kind of food.
Hairston et. at.,
(1970) generalized that herbivores are not usually limited byfood
while predators and decomposers are,
Odum et. al.,
(1962) reported
essentially
the same findings on one species of grassho~per while
studying energy flow in an old-field
situation.
They reported
assimilation
efficiencies
of 30-60% for the grasshopper species
studied;
the range in values.was believed to be the result of
different
foods.
In the same study, Orthoptera constituted
91% of the
biomass of insect herbivores but only 42% of the numbers.

5.4.7.5.

Procedures:

5.4.7,5.1.
The gravimetric method will be used for determining
food utilization
and involves the following procedure:
1. The insect's
weight gain is determined by sub~ract;i.ng the weight at the beginning
from the weight at the end of a stadium .. 2 .. _Food ingested is
determined by substracting
the weight of uningested food from the weight
of the food provided.
3. Feces.are separated ffaom the uneaten food
and weighed.
Energy contents of food and feces will be measured by
bomb calorimetry.
Tests will be conducted in environmentally
controlled
grotvth chambers.
Hig:i, low, and i11termediate temperature
11
and humidity regimes of a ''t:l~sert d!3-Y
wiil be simulated
in an attempt
to establish
regression
relationships
with bioenergetic
procesnes.
Because of. the meticulous detail and the necessity
of using environmentally
controlled
laboratory
facilities,
one an~ perhaps no more than two
species of grasshoppers will be investigated
during ·this initial
effort.
Because cf a wealth of background information already obtained on
grasshoppers occurrin~ from southern Idaho semi-desert.ranges,
considerable objectivity
can be given to selecting a species or species that
will be reasonably reflective
of their group; that is, the information
hopefully can be applied to a large number of species.
5.t •. 7 .5.2.
Grasshoppers will be reared in the laboratory
and collected
from the field in order to determine and compare caloric
values for the different
growth stages, thus permitting
conversion
of numbers and biomass obtained through validation
investigations
tc
caloric equivalents.
Energy values for different
life stages will be
determined by bomb caloriometry.

5.4.7.6.

Contribution

by the University

Laboratory and office space will
Idaho. }fiscellaneous
small items and
available
for use : convection oven,
growth chamber and vehicles for field
will provide approximately
10% of his
assistance
will also be provided.

of Idaho:

be provided by the University
of
numerous larger items are
analytical
balance, environmental
travel.
The principal
investigator
time to the project;
secretarial
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5.4.8.

Respiration

Project

Leader. :

Where Conducted:

Rates of Grasshoppers

arid Other Arthroryods

Howard W. Smith, Department of Entomology, University
of Idaho, Moscow, Idaho.
(A companion study on food
intake and growth rates of grasshoppers will be
conducted by M.A. Brusven, Department of Entomology,
University of.Idaho)
Curlew Valley and laboratory.

Abstract:
The proposed research is a study of the respirometric
factor of
energy transfer
to grasshoppers
in the desert biome. Oxygen
consumption rates will be used to evaluate the efficiency
of this
transfer
with respect to food, insect biology and development, and
physical factors of the environment.
The study will, necessarily,
be conducted in the laboratory,
using representative
field-collected
grasshoppers.
5.4.8.1.

Introduction:

The role of grasshoppers
in a desert ecosystem has been discussed
by ~1. A. Brusven in a companion project 'proposal.
Grasshoppers,
because of their mass and numbers, constitute
a group of arthropods
of significant
importance in the transfer-of
energy.
More importantly
from the standpoint
of process-·studies,
the grasshoppers are a group
of insects which (1) can feasibly be evaluated wi•th respect to the
problem of describing
energy transfer
into a trophic level on the
basis of results.obtained
with one or a few species and (2) is
relatively
well knol-m from the standpoint of claes:lfj_cation,
ecology,
development)and physiology.
The background information generally
known for grasshoppers will be of material
assistance
in assessing
the
role of grasshoppers
in a desert ecosystem.
The extensive review of respiratory
behavior of insects by
Edwards (1953) remains a good overall presentation
of this subject.
Respiratory
use of oxygen is a measure of metabolism, in itself
only
descriptivelbut
in conjunction with other process ·studies)a
major
analytical
tool.
The rate of oJ~ygen use is not a constant for a species.
Although surfa~e and weight relationships
have been found (see
Bertalanffy,
1957), and may be applicable
in souie instances,
these are
not izenerally descriptive
of oxy8en us·e in gro't.;th and development.
As indicated by· a number of authors,
including Bishai.(1960),
Bodenheimer (1929), Butler artd Innes (1936), Clarke (1957), Gardiner
(1958), Hamilton (1956), Qureshi (1970), Rakshpal (1964), Slama (1960),
and Zeuthen (1947), a mean oxygen.consumption
rate may be ascribed to
a stage of development, but this must be done with knowledge of effects
attributable
to sex, age within the stage of development, and food as
well as such physical factors as temperature and relative
humidity.

5.4.8.

- 2

P-71

Oxygen consumption with respect to growth, development, and
reproduction
will define one set of parameters in er.ergy transfer.
These will serve primarily as modifiers of the efficiency
of food
utilization.
Foods are utilized
at various levels of efficiency;
according to the food and the insect (Waldbauer, 1968). Respiration
rates are dependent upon food quality
(RQ relationship)
and may be
sensitive
to small differences
in quality (Kreasky, 1962; Qureshi,
1970), Grasshoppers convert ene~gy more efficiently
than do vertebrates, but even so, approximately five times as much energy is
utilized
in respiration
as is converted to the new trophic level
(Odum,~ al., 1962; Odum and Smalley, 1959; Smalley, 1960).
The interrelationships
of temperature,
relative
humidity, and
metabolic water are virtually
unknown for insects with respect to
respiration.
Ludwig (1937) has reported studies with a grasshoppei;
and Smith (unpublished data) has studied humidity effects on respiration of a stored grain insect.
Most respirometric
studies have been
made under conditions
of high humidity (9o+%) or with humidity not
indicated.
The.mechanisms of water conservation
by insects are known
(Loveridge, 1968a, 1968b) and metabolic water is known to be of great
importance to many species.
Respiration
in response to metabolic
water needs may readily affect the efficiency
of energy transfer.
Predictability
of populations
is a basic need in establishing
a
programmable relationship.
Year to year, and within years, population
differences
should be considered in any process study.
Grasshoppers
are known to behave according to phasic differences
(Uvarov, 1921;
see also Key, 1950 and Kennedy, 1956). Although our species of grasshoppers do not show the classic phase differences
of the old world
locusts,
the morphometric characteristics
described by Dirsh (1953)
have been found to apply to Melanoplus sanguinipes
(F.) (Smith,
unpublished data) and biochemical differences
associated
with population density were noted by Roberts (1967).
Respiration
studies may
similarly
indicate differences,
as shown by Gardiner (1958), but the
results obtained by Qureshi (1970) and Meek (1970) indicate that they
will be difficult
to measure and interpret.
5.4.8.2.

Objectives:

5.4.8.2.1.
To determine oxygen consumption of grasshoppers
with respect to food, species, age, sex, stage of development,
population density,
temperature,
and relative
humidity.
affect
level,

5.4.8.2.2.
To evaluate each of the above factors as it may
the amount and efficiency
of energy transfer
into this trophic

5.4.8.2.3.
To develop methods and procedures in this
which may be applicable
to other i_nvestigations
concerned with
metabolic factors involved in energy transfer.

study
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5.4.8.3.

Procedur~s:

5.4.8.3.1.
The basic procedure will utilize
the method
described by Smith (1962) with subsequent modifications
to improve
accuracy and recording.
Measurements of oxygen use will be made
for time intervals
as desired,
under fixed or variable light
conditions.
This method is adaptable to certain programmed
temperature regimens if desired.
Oxygen usages will be converted
to energy values by established
relationships.
5.4.f.3.2.
Process study data are of value only within the
limits of other interpretation.
These data will be evaluated in
relation
to the data of the companion project proposed by M.A. Brusven
on food consumntion and. energetics.
Energies will be indicated with
respect to their transfer
to this trophic, level.
5.4.8.3.3.
To the extent possible,
study will be evaluated with respect to their
insects or other invertebrates.
5.4.8.~.
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5.4.9.

Bioenergetics
and Distribution
of Pogonoroyrmex Harvester
;in the. ..Northern Desert. "Ecosystem

Ants

Project

Leaders:

of

Where Conducted:

George F. Knowlton and T. H. Hsiao, Department
Zoology, Utah State University,
Logan, Utah
Curlew Valley

and the laboratory.

Abstract:
Three species of Pogonomyrmex harvester
ants are present in
Curlew Valley.
It is proposed to conduct a field and laboratory
study to determine colony si.ze, distribution,
reproductive
capacity,
food supply, and place in the food chain of Pogonomyrmex owyheei,
the dominant_ spe_cies ._ The WQrkeLan_ts coll_ec_t _fQod J_rom_thr_qµghou t their
nesting areas.
They snip off the seeds of grasses and other plants,
which they transport
to their nests,
to store in subterranean
or mound
chambers.
The phytophagous habits include a major portion of the grass
and other seed produced in the ant breeding areas.
Their food habits
make them a major factor in the desert ecosystem.
5.4.9.1,

Introduction

The genus Pogoncmyrmex is the preeminent group of North American
harvester
ants,
They la:i'.'gely blanket the arid regions of the. western
United States.
Cole (1968) lists
22 species of Pogonomyrmex harvester
ants in his recent study of the genus in North America.
At least
three species of these are present in Curlew Valley.
The predominant
species. is !'._. owyheei.
Pogcnomyrmex occidentalis
and !'..· salinus
occur in some localities.
In addition
to seeds, these ants are scav~nge~s,
their additional
food consisting
chiefly of arthropods.
Bohart and
Knowlton (1953) reported !'._. occidE'.ntalis
foraging about 30 m from their
nests.
They found this ant pilfering
pollen from the nests of the
alkali bee, Nomia melanderi.
The mound of one ant nest contained about
100 grams of pollen,
or enough to provision
750 Nomia brood cells.
The
harvester
ant workers alter the area around the nest by clearing
Hway
the plant growth.
Domed harvester
ant nests surrounded by denuded areas
are characteristic
of our arid regions.
Some Por-;onomvrmex species are extremely hostile,
attacking
vir,o:t-:-;c:sly
and stinging
painfully.
Their effecton
the desert includes the remov2.l c"
great numbers of seeds in addition
to the large areas of soil kept
barren about the nests..
Cole (1968) reported some positive
correlaticP..
between ecologic conditions
and systematic
relationships.
For instan~e,
in Nevada studies,
P. salinus was found only in juniper areas.
1-Jilla,:d
and Crowell (1965) found that !'..· owyheei in central Oregon fo~aged seeds
heavily within a 15 m radius of the ant mound. They reported
that the
ants removed 25 different
plant species from the area around their neGts.
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Wildermuth and Davis (1931) found an average sized_R_. barhatua nest
to be surrounded by a denuded area of 4 m to consist of 436 chambers, the
nest extending to a depth of 5 m. A total. of 12,358 ants were counted for
a single colony.
It is evident that a study of the bioenergetics
off·
owyheei would
show the energy flow to be very high, compared with many other organisms
in the ecosystem.
G0 lley and Gentry (1964) found the energy flow of Pogouomyrmex badius to be considerably
higher than that of two important
homoeotherms inhabiting
the study area.
In order to evaluate the role of the dominant harvester
ant in the
desert ecosystem,
it would be necessary to estimate the active field force
of colonies under study, the diurnal activity
pattern,
the kinds and amounts
of seeds taken and other materials
brought to the mounds, as well as the
energy requirements of the ant population.
At least two mature colonies,
located near the validation
sites,
should be destructively
studied,
in an
effort
to determine total population
strength,
depth of nest, materials
stored,
the numbers and characteristics
of storage chambers. • Detailed
studies of food stored,
plants and arthropods
concerned,
area affected,
and
total effect on the plants present in the area would be desirable.
These
data would provide a basis for validating
energy transfers
between ant
populations
and other components of the ecosystem.
5.4.9.2.

Objectives

5.4.9.2.1.
Estimate the density,
biomass, and population
structure
of Pogonomyrmex harvester
ant colonies
(nests)
in the Curlew
Valley area.
5.4.9.2.2.
temperature

Determine

activity

patterns

as functions

of

and season.

5.4.9.2.3.
consumed, as functions
temperature.

5.4.9.2.4.

ing the nest.

5.4.9.3.

Measure food-consumption
of vegetation
phenology
Determine

colony

rates and species of plants
and production,
season,and

impact on vegetation

in areas ~urround-

Procedures

5.4.9.3.1.
Population
sampling of harvester
ant colonies will
be made at th~ b~ginning of the season.
SpecieB of ants and occurrence of
abandoned colonies wili be determined.
The worker population/size
of ·2a·ch
colony studied will be determined by the capture,
marking and recapture
method (Bailey 1951, Leslie 1952). Surfacing wqrker ants.may be marked
with paint or treated with radioactive
tracers
to assist
in.assessing
total

5.4.9.-3
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adult numbers.
Biomass will be estimated on a dry weight basis of unit
numbers of workers,
larvae,
and pupae.
Estimate will be made of total
colony strength
for several mature colonies
located away·~rom validation
sites.
Destructive
sampling will be carried out in order to count the total
number of adult and immature ants.
Ratio of active workers to total colony
numbers will be determined.
During this evaluation
we would collect
and
measure the stored food materials.
During the process we would.count
and
estimate
the size of storage chambers, and determine depth of the nests.
5.4.9,3.2.
Activity
patterns
will be determined at the nest
entrance,
as functions
of temperature
and season. • Some studies will be
conducted "around.the
clock" to aid in estimating
total ant field activity.
Studies of foraging distance
from the nest can be made by observation
of
isolated
nests, and by supplying readily accepted;
colored materials,
which
ants would transport
to their mounds. Air and soil surface temperatures
would be correlated
with field activity
data.
5.4.9.3.3.
Estimate food consumed per colony, based on food
stored in nests as related
to colony strength;
and food collected
per unit
of time as related
to diurnal
field activity
of the foraging populati~n.
Determine the species of plant seeds brought into the nests and proportions
of each.
This will be based on seed analysis
and field collections
of
plants and seeds for comparison
of plant species growing within the
foraging range of study colonies.
To correlate
seed collection
with season~l
availability
of preferred
seeds, temperature,
and estimated
colony strength.
5.4.9.3.4.
The size of the denuded area around each colony will
be determined.
The effect of the ant colony activity
on the vegetation
structure
in the area beyond the clearing
will be investigated.
Deter~inc
plant species best able to survive near harvester
ant nests.
5.4.9.4.

Contribution

of Utah State

University

Laboratory
space, use of many items of field and laboratory
equipment, and access to a well equipped Insect Physiology Research
Laboratory,
for specialized
energy measurements.
The University
would
provide approximately
$1,700 in salaries,
and major physical
facilities.
5.4.9.5.
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5.5.-1
Microbiological

Studies

Proposals for process studies on microorganisms were in part carried
over from the proposal submitted in 1969, or continued from the limited
program actually
initiated
in 1970; in part they were developed as a result
of invitations
issued in January 1970 (See Appendix 7. 1.).
Three microb::.ological scientists,
not at that time involved in the Desert Biome progrs.m,
had agreed to serve on a review pa.nel for these proposals,
and the docume:nts
received were submitted to them for comment and appraisal.
The program
owes a considerable
debt to these reviewers,
and they are listed below:
Dr. Cameron Gilmour,
Dr. Roy M. Johnson,

University

of Utah, Salt Lake City

Arizona State

University,

Tempe

Dr. James Weiss, New Mexico State

University,

Las Cruces

The microbiological
process studies incorpct'ated
:.i_nthis proposal
for 1971 are listed below, and details
of eo.ch .-:i.:!.1. tc :found in the Section
indicated.
General

..

Nitrification

......... ...............
Rates in Arid Area (Western Desert)Soils,

Gaseous Losses of Nitrogen
Regions

Proteolytic

Fixation

Rates of Indigenous

Activity

Accretion

. . . . .

Desert

of Soil Microorganisms

The Role of Algae in Crust Formation
in Desert Soils.
. .......•
Nitrogen

.5.5.2.

from the Soil of Semi-Arid

. . . . . . . . . . . .

Nitrogen

.5.5.1.

Bacteria.

in a Desert Ecos~,7~tem.

. . . . .5.5.4.
.5.5.5.

..•

and Nitrogen

.5.5.3.

Cycling
.5.5.6
.5.5.7.
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5.5.2.

Nitrification

Project

Leaders:

Rates

in Arid Area (Western

Desert)

Soils.

J. Skujins, Associate Professor of Soil Microbiology and
Biochemistry,
Department of Bacteriology
and Public
Health, and Department of Soils and Meteorology,
Utah
State University,
Logan, Utah

Where Conducted:

Near IBP validation
sites in Curlew Valley,
Arizona, and the laboratory.

Utah J and Tucsor

Abstract:
Nitrification,
next to ammonification
is a key process in the nitrogen
turnover in soils.
Nitrification
exerts a direct
influence
on the surface
flora,
and, consequently,
influences
the make-up of the prevailing
fauna.
Although nitrification
has been studied extensively
in agricultural
soils,
such studies
in desert soils are almost nil.
Within the framework of the IBP-Desert Biome program we propose to
determine the nitrification
rates and potential
in Western desert soils
as a function of available
organic matter, available
water, and other
environmental
variables.
Study will involve examination of other processes
in nitrogen turnover: nitrogen availability
and turnover rates in soils and their effect
on nitrification,
including ammonification,
symbiotic and non-symbiotic
nitrogen
fixation
and denitrification.
Information
obtained on nitri.fication and associated
processes would· provide values for parameters
fo~
the use with the energy flow model of ...,l~~~~rt~ome.
5.5.2.1.
transformation,

Objectives
The goal is to determine the characteristics
especially
by nitrification,
in arid area

5.5.2.1.1.
To determine
as a function of available
organic
environmental
variables.
cation

of nitrogen
soils:

nitrification
rates in arid area soil;
matter,
available
water, and various

5.5,2.1.2.
To determine the relative
contribution
of the nitrifiprocess to the total flow of nitrogen
in arid area soils.

5.5.2.1.3.
To.determine
parameters associated
with nitrific~ti0~
process in arid area soils and their values for the use with the energy
flow model of desert biome.
5.5.2.1.4.
study:

The following

working

obiectives

would encompass t:· -.

5.5.2.-2
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5.5. 2. 1.4 .1. Determination
of nitrification
rates in •nonamended and variously
N-amended Western desert soils,
especially
from IBP
areas in Curlew Valley (northern desert)
and Tucson (south~rn desert) i!!_
vitro as a function of season, and the determination
of similar nitrification rates in the same soils in the field,
specifically
the rates and
limitations
oft.be.nitrification
of naturally
available
ammonia;
5.5.2.1.5.2.
Determination
of the effects
on nitrification
of various organic amendments in the seeded (cultivated)
and non-cultivated
areas and the determination
of potential
maximum rates under such conditions;
5.5.Z.l.5.3.
Determination
of the effects
of vegetation,
season, soil type, soil pH, NH4 fixation
and exchange by clays, and of other
ecological
variables
on the nitrification
rates in arid area soils;
5.5.2.1.5.4.
Isolation,
and taxonomic and physiological
examination of nitrifying
organism• from northern and southern desert
in comparison with nitrifiers
from other areas;
nitrification

5.5.2.1.4.5~
Determination
takes place and its eventual

soils

of whether any heterotrophic
significance;

t:ho
n~~¥~f4ro~~-r~a~oaa
ia
nnly
a part of the
flow system in soil, the contribution
to the total nitrogen
picture
in soil and the influence
of other nitrogen.-transforming
processes
on nitrification
in Western desert soils will be examined:
Sinro

ui<.L'vgen

native

5.5.2.1.4.6.
Determination
and added organic matter;

fixation
rates,
total nitrogen
rates

5.5.2.1.4.7.
Determination
possible
symbiotic fixation
fixation;

5.5.2.1.4.8.
Determination
and possible· non-biological
nitrogen

of

Ll1e

o.=nv1'li£:l.<>"t:inn

rates

of

of the non·-symbiotic nitrogen
by some desert plants and the
of the potential
denltrifi~ation
loss, e.g.,
volatilization
of

NH3,

s.s.2.2.

Justification

Nitrification
is a pr_ocess whereby ammonium ions are oxidized
to nitrite
and, subsequently,
to nitrate.
The organisms responsible
for
the respective
steps in soils are Nitrosomo'nas europaea, and Nitrobacter
agilis
and Nitrobacter
winogradskii.
Some other organisms involved_ in
nitrification
appear to have a limited significance.
Nitrosomonas and
Nitrobacter
are aerobic and chemoautotrophic
organsisrns;
thus nitrification occurs only in well aerated soils,
as·most of the Western desert soils
are.
Of all the nutrient
elements involved in life processes,
nitrogen
often becomes the limiting
element for proliferation
of an organism.
Nitrification,
next to ammonification,
is a key process in the nitrogen
turnover in soils.
Nitrification
is an indicator
of biological
activity

5.5.2.-3

P-71

potential
in soils in general.
By changing ammonium to nitrate,
a more readily assimilated
form of nitrogen by plants,
nitrification
exerts a direct
influence
on the surface flora, and consequently,
influences
the make up of the prevailing
fauna, especially
in arid areas.
For an
data on the
soils,
e.g.,
influences.
obtained for

integrated
study of the desert biome it is desirable
to obtain
nitrification
and associated
nitrogen turnover processes
in
the turnover rates,
availability
levels,
various environmental
These and similar data may be integrated
with other information
the desert biome and used for its energy flow model.

The primary
secondly,
strate.

process
ammonification

of interest
in this study is nitrification
and,
as the process which directly
supplies
the sub. ·-·

,Ai?,-:.:,

Some processes of interest
for the current study, tangenu.-al.;:.t;o ''f!:.'f;lr:;J._<;_~';fication,
but important to overall nitrogen turnover in soils~are
the
symbiotic and non-symbiotic
nitrogen fixations in soils.
Nitrogen fixing
processes
increase nitrogen availability
to plants,
some of which eventu8lly
is returned to soil, ammonified
and nitrified.
Similarly,
the loss of
nitrogen,
specifically
by denitrification
of nitrate
and by possible
volatilization
of ammonia in the alkaline
desert soils may be important
contributing
factors to the overall nitrogen balance in arid area soils.
The studies on nitrification
have dealt mostly with agricultural,
forest.,and
grassland
soils~ the number of studies on nitrification
and
associated
processes
in desert or arid area soils are practically
nil.
5.5~2.3.
studied

Previous

Work

The process·of·nitrification
in- soils has been extensively
.
and reviewed, for example, by De·lwiche (1956) and by Alexander (:.961)

It has been shown that the rate of nitrification
is equivalent
to
the number of organisms present.
Large apparent discrepancies
exist,
h,:,wever, between numbers determined by silica
gel platings
and by dilution
methods, the former giving a considerably
lesser number.
Barkworth and Bateman (1965) estimate
for cultivated
English soils,
by dilution
method.,the numbers for Nitrosomanas to be 106 - 107 /g,
Nitrobacter
in the same soils 10 to lOOx less, i.e.,
104 to 106/g.
Simila~
numbers have been obtained by others,
for example, by Ghildyal (1963).
Sims and Collins (1960) by silica
gel plate method get the maximum num~er8
for nitrifiers
to 8000/g in Australian
soils.
By silica
gel method in
general,
numbers higher than 10,000/g are exceptional.
This may be a
true variation,
however.
Consider Chase, Corke, and Robinson (1967) who
estimated 20 ammonia oxidizers
per gram in grassland
soil but 2 x 106/g
in cultivated
garden soil.

P-71
Generally,
it is recognized
that cultivated
100 times more, and rich organic garden soils at
nitrifiers
than equivalent
grassland
virgin soils.
variation
of nitrifiers
in any soil,
the largest
summer, during warm, showery periods.
There are
Nitrosomon.'.!S population
is mo;:e stable throughout
Nitrobacter.

5.5.2.-4
soils contain at least
least 1000 times 1nore
There also is a senson!'ll
numbers appearing in early
indications
that the
the year than that of

The lesser number of nitrifiers
in non-cultivated
grassland
soils
probably is due to the limited amount uf c:1u1111on~fiable
and, consequently,
nitrif·iable
material.
However, Soulides and Clar~ (1958) showed that
nitrification
is inhibited
in grassland
soils by some inhibitory
suppressors.
Ross (1960) reports
such inhibition
in New Ze~laod grassland
soils,
among others.
In an other instance
it was shown that the exudates of the
prairie
dominant ~rasses did not inhibit
nitrification,
but the exudates
of invading grass species did (Neal, 1969). There is contradictory
evidence,
nevertheless,
anc it is possible
that sometimes competition
for· ammonium
ions among organ~ms might appear as an inhibition.
In the exambation
of the desert biome, _it is of interest
to study the
relationship
betW-en water availabi u·ty and the organism.
The maximum
activity
of nitriliers
takai place at 0.1 bars water tension in soils.
At
15 bars:nitrifica:ion
is still
easily detectable;
Sabey (1969) showed that
at 15 bars there still
was a 13% rate of that at 0.1 bar.
Robinson (1957)
indicates
that tte nitrifier
activity
ceases just below the wilting
point;
according to Domnergues (1960), the minimum water content for nitrification
is at pF 5.2 (aPJUt 90% relative
himidity).
It appears that low moisture
levels inhLbit litrobacter
more than Nitrosomonas.
It should be noted
that the biological
process in soil at low moisture levels are poorly
appreciat~d
as yet (McLaren and Skujins,
1967).
In ~ssociation
with moisture co~tent,
soil compaction and aggregate
size hava their own effect on nitrification.
Soil compaction somewhat
decreases the nitrification
rates and it appears that the rates decrease
with increasing
aggregate size.
The most favorable
aggregate size appears
to be less than 0,5 :nmin diameter.
Effective
nitrification
takes place in a wide temperature
range
between 10° and 35°c, witli a maximum around 25°C. It has been shown,
however, that, for example, in Utah, the northern region soils nitrify
f?ster at 20° to 25°c, whereas the southern region soils nitrify
faster
at temperatures
above 35°c (Mahendrappa, et al.,
1966). In general,
measurable nitrification
takes place at tempei:7°atures down to ooc.; and even
in winter below the frozen layer in cultivated
soils.
'Nitrobacter
is more
affected
by low temperature than. is Nitrosomonas,
so soils that have been
frozen may show accumulations
of nitrite-as
they thaw out; the accumulation is only transitory,
however, and nitrite
is oxidized to nitrate
when
the soil temperature
rises a few degrees above o0 c. Schaefer (1964) has
shown that diurnal
temperature
variations
above and below freezing
temperatures actually
stimulate·
nitrification.
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Maximumrates for Nitrobacter
are achieved bP.tw~en rH 6;2 to 7.0,
wherea·s Nitrosomonas oxidiZ$ammd~ia best at pH-values in- soil above 7.6;
• consequently,
nitrite
might accumulate in highly alkaline soils
simil~~
to those {n Wesierri deserts.
•
Pr~sence·of various salts decrease nitrification;
this might be of
importance in the interpretation
of results tn·the desert biome. For
example, at 50%water holding capacity, 0.5% to 1% chloride present suprl'lss-~d
nitrification,
whereas ammonification was supressed by 1%to 2% chloride
present (Sindhu and Cornfield,
1967). Sulfate at 2% is inhibitory
in
neutral soils; in alkaline soils sulfate· :ts i:nhibitory at a consirler.:l:lly
lesser concentration.
There is a greater tolerance against sulfate i~
calcareous soils than in non-calcareous~
Presence of phosphate considerably
incteases·nitrifying
activity,
especially
in the pres~nce of calcium.
In general, the nitrification-rates
exchange
capacity
of soils •
.,
.
•.·

decrease

with decreasing

cation

After the demonstration by Schmidt (19·54) that heterotrophic
nitrifi··
cation by Aspergillus
flavus took place, heterotrophic
nitrification
has
been'. demonstrated in As'pergillus !~•
Peti.icilhum atrovenetu}!!., and
Fusarium (Doxtader and 'Ro·hra,' 1%8) among others., 'Ari in:organic pathway from
ammdnia to ·nitrate has been.found in Arthorbacter
glob!!P.!.P'l!• Rowever,
the rates are low; for example, Asp·ergillus
flavus may' form 5 to 50 ppm
nitrate
per day, whereas equivalent cultures of Nitrobacter
snd Nitrosornonas
may _produce about 50 times as much.
__.,__
Several investigators,
notably Macura and Kunc (1%5), McLaren (lSf?1:1.)
1969b), Erh_et al. (1967), Sabey et al. (1969) and others have tried to
examine experimeii'tally and to approach' mathematicaHy• ·and theoretically
the st'eady state behavior of n'itrogen transformations'·•in'
soil columns.
The theoretical
and experimental approaches in th'is;area might be useful
forl the purposes of desert biome model.
5~5.2.4~

results

Procedures.

Eis outlined
• 5·;·5. 2 .4.1.

aerated,

controlled

The following procedures would be used to obtain
under working objectives·.
In vitro:
A.·soil p·erfusion· apparatus
humidity-;-essels
would be used.

and approprittte

In situ:
Selected test plots in the field woul::! be
tested periodically
for nitrification
rates and other associated phenomena.
Parallel
series would be runwith amendments as desired.
The rates
obtained in field studies would be compared to those obtained with in v;_t1:o
studies, with and without soil amendments.
--~--·
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5.5.2.4.2.
Test samples (surf.ace _and subsurface
to 1.5 .m) would
be collect_ed. pe.riodically
.for, a_ .year for_- in. vitro testing,
and, s·imilarly,
periodic.
:tests, wquld be made .in filald .. Cheµiical.ana.lys.iS'• proce_dt.ires for
ammonia, NOz, N03 would be used.
Appropriate
mi_crobiological
methods
for isolation
and examination
of autotrophic
and heterotrophic
nitrifiers
will be applied.
To s.tudy the signifi_cance
of heterotrophic
nitrification
in desert soils,
a. specific
inhibitor
for Nitrosomonas,
the :2-chloro-6(tricqlorc)l-qethyl)
·pyridi0;e, ;may be used f~r the inhibition
·.of. the, :autotrophic process.
•
5,5.2.4.3~
, Radi~ti,on-sterilized
(irradiation
facilities
available
at the Ecology. Center, _US,U).soil samples ft:om the. test. sites.
would be inoculated
with nit~ifiers
from the respective
soiis,and
nitrification rates would be compared with those of no~~sterilized
~o~1~ !n order
to establish
any deleterious
ecological
interactions
by other soil microorganisms with nitrification,
_if any ..
.:
experimenta

5.5.2.4.4.
If preliminary
studies would warrant,
1 rpetl)o~s with !!Oil columns would be. used.,

steady

state

5.5.2,4-.5: .. Ammonifi,.cation 'rates, and ..amqutl'ts of avaiiable
pitrogen,
of. t):le available· native· qi_ganic matte,:-,· ~nq-:-9(~Var.~ousiy .~mended soil~ .will
be determ~nedand-comp~red
with ,;ates of 9itr~f:Lcat~on;
due.to.the
higll pH
of Western desert ..soil"i! the e.ffect of. eventual v.olatilization
of ammonia
will l>e determined~,·.
••
•
•
•
5.5.2.4.e.
w;i.th ·the. acetyle.ne

Efficiency
of nitrogen
fixation
will be measured
redllction method.
''
.
S.s.z.,4.J!.i.:D.enitrifJcatio·n,
,potential
(aerobic
and anaerobic)
will be determined
by: est~blisb.ed
methods.
Precise
rate :studi~s w,ould
require
15N trace;r. tetpniques.,·
5.5.2.4.8.
!f the obtained
results
would warrant,
bility
of the determination
of nitrogen
availability
indices
evaluated.

the applicawould be

5.5.2.4.9.
In order to avoid unne9essary duplicat;ion,
t;he
microbiological
examination
of soils will be performed, where practicable,
at s.ites_w.here t\w .~nfor~tion.on
soil physical,~chemic~l,.
apd climatological
data ls available
th.rough IBP: or other soari:es..
, ...
5.~.2 .. 5 ... Expected

.Resµlts.

1

Ni.trification.
has been exteni,ively
i;~udied in well irrigated
agricultur.al.
soiis,
but the number of. such. studi.es .in desert. areas· is •almost
nil.
The ·studies of autocthono~s
desert ~~d· arid area microfiora,
show,
however, that significant
biologicai'
acti~ities
may be detectable,-ior
example, at 200 bars water tension,
co~pared to average wilting
point of
agricultural
plants at 15 bars.
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Effective
ammonification
of available
N-containing
organic matter
with subsequent nitrification
takes place primarily during the spring
(southern desert)
and early summer months (northern desert-Curlew
Valley)
due to increasing
temperatures
and available
moisture.
No organic matter
rich layer accumulates,
but some nitrate
accumulations
due to limited rainfall may occur (if denitrification
is limited)
at certain soil depths
(e.g.,
southern San Joaquin Valley, California).
Western desert soils have rather high pH values, and are well suited
for nitrification
process by Nitrosomonas and Nitrobacter.
It is expected
that the potential
rates may be high, especially
in the surface layer,
but.would be limited in the field by the available
ammonified nitrogen;
upon cultivation
and addition of N-containing
amendments, nitrification
rates should be high.
Considering the high pH values of soil~
may take place before it becomes nitrified.
.

some volatilization

of ammonia

Denitrification
(reduction
of NOj) may take place aerobically
and
anaerobically,
and nitrification
and denitrification
may take place at th~
same time,
Denitrification
is enhanced by neutral and elevated soil pH
values,,but usually no NO.or NzOare detectable
in soils above pH 6.5, only
N . To detect significant
denitrification
in desert soils,
l5N tracer
2
techniques preferably
should be used.
Similarly,
nitrogen fixation,
symbiotic and non-symbiotic,
has been
studied very little
in arid areas,
Some non-symbiotic
fixation
by bacteria
(Azotobacter and others) may take place.
Significant
fixation,
however,.
is dependent on available
carbohydrate
and phosphate,
Nitrogen fixation
by surface blue-green
algae may be significant
in certain areas and seasonal
periods.
There are no leguminous plants of significance
in Western desert
arid areas; there have been suggestionst
however, that the -sagebrush
(Artemisia tridentata)
may have symbiotic association
with bacteria
fixing nitrogen.
It is expected that the current research
if any, of symbiotically
and non-symbiotically
for nitrification
in desert soils.
5.5.2.6.
Alexander,
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5.5.3.

Gaseous Losses

Project

Leaders:

Where Conducted:

of Nitrogen

from the Soil

of Semi-arid

Regions

Principal
investigator:
A. Neil Macgregor, University
of Arizona, Tucson; Faculty associate:
T, C. Tucker,
University
of Arizona, Tucson,
Tuc~on area

Abstract:
The rate of loss of gaseous nitrogen will be measured as a function of
several var_iables, and the magnitude of the biological
and non-biological
contributions
to the process will be determined.
The data derived from
these studies will ultimately
provide rate equations linking the flow of
nitrate
nitrogen to atmospheric nitrogen.
5.5.3.1.

Objectives

To measure the rate of .gaseous loss of soil nitrogen from an
ecosystem located in a semi-arid region as a function of soil moisture
content,
temperature,
oxygen and -nitrate concentrations,
and soil organic
matter; to determine tbe magnitude of the biological
and non-biological
contributions
to the overall process.
5.5.3.2.

Introduction

Most investigators
of soil nitrogen,
its behavior,
and
transformations
will agree that nitrate
is a key compound in losses of
nitrogen
from soil environments.
Until a few years ago the same investigator:
probably would have agreed that biological
processes account for most, if
not all, of the nitrogen losses.
Today, they might not entirely
agree.
This change of opinion is due to the increasing· awareness that losses of
soil nitrogen by the gaseous route may not be entirely
due to microbial
denitrification.
This may be particularly
so for calcareous
soils of the
semi-arid
regions.
Through the.efforts
of we~tern regional
research
projects
(W-31 and W-85), there _is evidence that the presence of both
nitrite
(a product of nitrate
reduction)
and ammonia in soil can result
in
some non-biological
losses of nitrogen.
To measure biological
and non-biological
contributions
to overall
losses of soil nitrogen as functions
of all the variables
listed
in '~bjectives" obviously involves a considerable
research effort.
It is proposed
that the research be distributed
over more than one year and that for the
first
year (1971) efforts
be directed
to developing experimental
methods
and the measuring of t~e rates of gaseous losses of nitrogen
from normal
soils and soils amended with nitr·ate.
5.5.3.3.

Justification

The objective,,
as stated,
will ultimately
provide rate
equations
linking the flow of nitrate
nitrogen to atmospheric
nitrogen
as depicted
in the flow diagram drawn up at the Microbiologists'
SpeciaU..st
Meeting held in Las Cruces, April 3 and 4, 1970.
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In terms of the above mentioned flow diagram, it may ..not be necessary
to distinguish
biological
from non-biological
losses of gaseous nitrogen
compounds from soil.
There is no doubt, however, such a distinction
would
have intrisinc
value.
5.5.3.4.

Previous

Work

Denitrification
has been defined as the microbial
reduction
of nitrate
yielding
oxides of nitrogen and molecular nitrogen
(Alexander,
1961).
The factors
influencing
denitrification
were reported
in 1958 to
be pH, temperature,
organic matter✓ and soil moisture content.
(Bremner
and Shaw, 1958.)
A pH of 8.0 to 8.6, temperature
of 60°C,.and 60% water
holding capacity were reported
to be the optimal conditions
for the process.
This is in contrast
to an earlier
account (Broadbent and Stojanovic,
1952)
that denitrification
is inversely
related
to the ~artial
pressure of
oxygen.
In this latter
account, denitrification·
'occurred over a wide range
of oxygen concentrations
even when the organic carbon content was as low as
1. 5%.
More recently
it
the immediate vicinity
rhizosphere
effect).
as 1.3 m in the profile
Australia
(McGarity,

has been reported that up to 20% of soil-nitrate
in
~f some plant roots can be lost to the air (a
(Woldendorp, 1962.) • Denitrifying
activity
as far down
has been detected
in the semi-arid
soils of South
1961).

It seems possible
that in the sandy, well-drained
soils of semi-arid
regions,
such as the Tucson Biome Sites (Santa Rita and Silverbell),
there
is adequate opportunity
for gaseous losses of soil nitrogen to occur both
by biological
and non-biological
processes.
5.5.3.5.

Procedures

5.5.3.5.1.
·soil sa~ples (from th~ Tucson Desert Biome Sites)
taken at various depths in the soil profile,
will be analyzed for organic
matter content,
total nitrogen~ nitrate
nitrogen, ·organic (Kjeldhal)
•
nitrogen,
pH.and soil moisture content.
The time of ~ampling will be
related-to
recent climatological
events.
5.5.3.5.2.
Soil samples at natural
soil moisture content and at
60% water holding capacity will be placed in Warburg.respirometric
flasks
and flushed either with argon or a rnixt"ure ·of· oxygen-argon gases.
Half
of the soils. so treated will be amended with N15 -nitrate
(10% N15-enriched).
0
All soils will be incubated at 2s c while attached
to individual
manometers.
The center well of each flask will have a carbon dioxide absorbent.
5.5L3~5.3.
Samples of~the gas phase in each flask will be taken
at regular intervals
and analyzed for the presence of-gaseous
nitrogen
compounds (Nz, N20 and NO) by conventional
gas chromatography using a
thermal conductivity
detector.
Similar samples will be analyzed for N15 gases using a mass spectrometer.
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dessicators
spectrometry

5.5.3.5.4.
Similarly,
treated
soils will be incubated in sealed
and the gas phase analyzed by gas chromatography and mass
for nitrogen gases.

5.5.3.6.

Expected

Results

5.5.3.6.1,
The analyses of soils from various depths in the soil
profile will provide information
as to the chemical composition of the soil
and will help identify
those layers with some potential
for generating
gaseous nitrogen compounds,
5.5.3.6.2.
It is anticipated
that soil treated and incubated
under one or more of the listed conditions
will liberate
gaseous nitrogen
compounds which can be detected and identified
by a combination of gas
chromatography and mass spectrometry.
5.5.3.6.3.
Since sampling for gaseous nitrogen compounds will be
performed at regular intervals,
the sum of Nz, NzO, and NO contributions
per unit time will describe the rate at which nitrate-nitrogen
can be
converted to gaseous nitrogen compounds under moist and relatively
dry soil
conditions.
5.5.3.7.

Future Work

To continue measuring the rate of formation of nitrogenous
gases by soil as functions
of temperature,
soil organic matter content,
and more precisely
as functions
of nitrate
concentration
and soil moiature
con tents.

5.5.3.8.
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5. 5. ;:, Nitrogen

Fixation

Rates of Indigenous

Desert

Bacteria

Project Leader:
Dr. Doy M. Johnson, Professor of Microbiology,
Department of Botany and Microbiology,
Arozona State University,
Tempe.
Where Conducted:

Southern

Desert

Sites

Abstract:
Several strains
of bacteria
will be isolated
and tested for
nitrogenase
activity.
Those showing this activity
will be used
as model systems to examine the effects
of several physical paramcrc1.s
on notrogenase
produc.tion.
The ability
of the strains
to produce
notrogenase
while growing on a desert soil suspension ~5th varied
parameters will also be tested.
The data obtained will be incorporated into an equation from which predictions
as to the effect
of .each parameter tested can be made.

5.5.4.1.

Objectives:

To measure nitrogen fixation
and capable of growing in desert

rates
soils.

by bacteria

isolated

from

To evaluate N-fixation
rates by bacteria
in the desert requires,
in addition
to the demonstration
of the presence of notrogen fixing
bacteria,
their ability
to grow in the desert soil under conditions
commensurate with active nitrogen fixation.
Two factors are
pertinent
to this:
(1) It is generally
accepted using Azotobacter
and_9J~stridia
species that the amount of atmospheric nitrogen fixed
is inversely
proportfonal
to the availability
of alternative
nitrogen
sources;·
{2) Clostridial
spores·and Azotobacter
cysts
make possible
the isolation
of these species where they are in
fact non-functional
as ni-trogen fixers.

5.5.4.2.

Justification:

To understand N-fixation
rates in the desert such that a
predictable
rate equation for computer analysis
can be established,
three factors are essential.
1. a quantitative
knowledge of the
bacteria
present capable of fixing nitrogen non-symbiotically,
2.
a demonstrated ability
of these bacteria
to grow under conditions
extant in the desert and,
3. a knowledge of the effect of
physiological
and climatic
conditions
on nitrogenase
production
by these organisms.
With this information
a rate equation can·be
developed that will allow prediction
to be made under a wide variety
of conditions
once the-quantitative
presence of bacteria
is established.
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While the acetylene-ethylene
reduction method does allow
direct ~easurement of soil nitrification
ability,
failure
to
underscand the parameters affecting
the bacteria's
ability
to
·actually fix nitrogen,
and its growth characteristics
in situ
would make predictions
concerning an unknown area impossible.
li'ithout knowledge of the bacterial
characteristics
and its
demonstrated presence in an area, all chemical and physical
soil measurements could lead to an erroneous conclusion.

5.5.4.3.

Previous

Work

In screening some 250 strains of desert bacteria,
species
of several bacterial
genera (Actinomycetes,
Nocardia, Arthrobacter,
Bacillus, etc.) were obtained that grew using the organic contamination in purified agar as· a sole carbon source.
The ability
of some
ci these bacteria
to fix nitrogen may be presumed but has not been
demonstrated.
Many bacteria
isolated were not capable of growing
,n a desert-soil-agar
medium containing 8.7 mg. percent organic
carbon.

5.5.4.4.

Procedures:

Bacteria from desert soil will be isolated
quantitatively
on
Burkes' nitrogen-free
egar medium and on a desert soil suspension
agar under aerobic and anae~obic conditions.
Typical colonies will
be picked, and screened through a liquid Burkes nitrogen-free
medium.
Growth in this medium will give presumptive evidences of nitrogen
iixing potential
anci the number of these quantitatively
related
to
soil amount.
These strains will then be characterized
and tested for
nitrogenase
activity
using the acetylene-ethylene
reduction method
of Hardy il· .fil:.•(Plant Physiology 43 p 1185-1207, 1968).
Those strains
showing nitrogenase
activity
will be used as
mode: systems to examine the effect of temperature,
pH, oxygen
tension, moisture and other nitrogen sources on nitrogenase
production.
The ability
oi the strains
to produce nitrogenase
while growing on a
desert soil suspension with varied physical parameters will also be
·tested.

5.5.4.5.

Expected

Results:

,

Assuming the isolation
of several different
genera by the above
procedure, it can be anticipated
they will vary in their physical
parameters for nitrogenase
production ~s has been shown for variants
of Azo_t;g.bacter such as Derxia.
These parameters can then be related
quantitatively
to the quantitative
amounts of each genera actually
capable of growing in the soil.
The combined data can then be incorporated into ~n equation from which predictions
as to the effect of
each of the tested parameters can be made. This data will be suitable
for computerization
allowing a rate expression
to be determined for
nitrogen fixation
under varied conditions.
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It should then be possible
to predict the effective
nitrogen
fixation
rate in a desert area by determining
the quantitative
presence of nitrogen-fixing
genera and the physical and nutritional
conditions
extant.
Theoretical
data can also be used with the
computer to relate
the significance
of nitrogen fixation
to other
aspects of the nitrogen cycle.
5.5.4.6.

Total

Budget:

$17,378
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5.5.5.-1

-5.5.5.

Proteolytic

Project

Leader:

Activity

of Soil Microorganisms

R. T. O'Brien,
University,

Where Conducted:

Jornada

Department of Biology, New Mexico State
Las Cruces, New Mexico
•••.•,_;,,

and other

validation

sites

Abstract:
Density and activity
of proteolytic
microorganisms will be determined.
The significance
of proteolytic
activity
in the nitrog~n cycle and as it·
might affect desert ecosystem productivity
will be estimated
from experimental results
and meteorological
data.
5.5.5.1.

Objectives

5.5.5.1.1.

To determine

the density

of proteolytic

5.5.5.1.2.

To determine

proteolytic

activity

5.5.5.1.3.

To determine

utilization

of amino acids ...

5.5.5.1.4.

To identify

5.5.5.2.

proteolytic

microorganismR.

in ~oil

samples.

microorganisms.

Justification

The proposed research
is part of a broader study on decomposing activity
of microorganisms
in desert soils.
The principal
objectives
of this program will be to investigate
the proteolytic
activity
of mi'cx:oorganisms in desert soils and to use the results
of these studies to
estimate
the significance
of microbial
proteolysis
in the nitrogen
cycle.
Nitrogen in soils is derived from two principal
sources:
fixation
of
atmospheric
nitrogen and mineralization
of ~rganically
bound nitrogen.
Fixation
of nitrogen by microorganisms
results
in part of the nitrogen being
incorporated
into organic compounds such as protein and thus being unavailable to plants,
Proteolysis
is, then, an essential
activity
in converting
bound nitrogen
to forms utilizable
by-plants .. A second consideration
in the
involvement of microorganisms
in nitrogen
cycling would be in a -clos~d cycle.
In aerobic soils it is probable that considerable
nitrogen
is cycled from
plants to soil and back to plants (Brock, 1966).
Mineralization
of organic
nitrogen compounds by microorganisms
would be essential
in a closed cycle.
In addition
to primary degradation
of protein substrates,
microorganisms
also utilize
amino acids as the corresponding
alpha-keto-acids
following
deamination.
The ammonia could be re-cycled
back to plants,
utilized
by
microorganisms.
or lost via denitrification.
Little
or no accumulation
of
amino-acid would occur in the absence of readily available
sources of carb0~
and nitrogen
(Alexander,
1964).
Little
information
is available
on
proteolytic
activity
and amino-acid utilization
by microorganisms
in desert
environments
as compared.with extensive
studies
on agricultural
soils.
In
view of the importance of microbial
activity
in agriculture.it
is essenti.'.11
that similar efforts
be made in desert productivity
studies.
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In order to obtain an estimate of the significance
of microorganisms
in nitrogen cycling,it
will be necessary to determine the prevalence
and distribution
of organisms capable of proteolysis.
Brock (1966) has suggested
that for a single species of microorganism to be of any siinificance
in a
habitat
the number per gram would have to be 106 or higher.
However,
where more than one species was utilizing
the same subtrate 1 the total number
or total biomass of organismg would be more significant.than
the density of
any single species.
With 10 organisms or.a microgram of biomass per gram
of soil as the approximate critical
population
density;it
should be
relatively
easy to determine areas where proteolysis
could have a significant
effect
in the nitrogen cycle.
A similar approach will also be used to
investigate
utilization
of 1-owmolecular weight nitrogen compounds such as
amino-acids,
purines,
and pyrimidines
which are presen_t in small amounts
of soils (Alexander,
1964).
This type of microbial
activity
also merits
study>since,on
a long-term basis~utilization
of these compounds could
contribute
significant
amounts of nitrogen
for recycling
back to_plants.
5.5.5.3.

Procedures

5.5.5.3.1.
Determination
of the density of proteolytic
micro~
organisms:
The primary objective
of this phase will be to obtain estimates
of the numbers of proteolytic
microorganisms
as a function of the total plate
count population.
Soil extracts
will be plated on nutrient
media.
After
the colonies have developed 1 the plates will be replicated
onto media containing protein.
Organisms with proteolytic
activity
can be determined by the
appearance of clear zones around the colonies after flooding the plates with
a precipitating
agent;
The fractions
of proteolytic
organisms can be
determined from the ratio of proteolytic
count: total count.
These
experiments will be done both aerobically
and anaerobically
at intervals
throughout
the year.
Samples from all desert biome sites will be tested
in order to obtain comparative data from different
habitats.
5.5.5.3.2.
Determination
of proteolytic
activity
in soil samples:
Breakdown of organic polymers has been suggested as the rate-limiting
step
in the utilization
of organic compounds in soil (Alexander,
1964).
In view
of this possibility,
the rate of proteolysis
by soil populations
and the
effects
of environmental
conditions
on proteolysis
will be studied.
Portions
· of the soil samples used in 5.5.5.3.1.
will be amended with protein and
moisture.
Proteolysis
will be followed by analysis
for ammonia formation and
residual
protein.
Sterile
soil samples treated
in. the same manner as the
experimental
tests will be used as controls.
The effects
of environmental
conditions
will be determined by varying the test conditions.
Environmental
variables
will include temperature,
moisture,
atmosphere,
organic and inorganic nitrogen concentration,
and soil parameters.
•
Field studies on proteolytic
activity
will also be initiated
on the
Jornada site using a modification
of the buried-film
technique described
by Tribe (1957).
Slides coated with prdtein will be buried at various
depths and locations
at the test site.
At appropriate
intervals>slides
will
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be withdrawn and the extent of proteolysis
determined from the amount of
protein remaining on the slide.
From the organisms colonizing
the protein
films, data on the primary protein decomposers will be obtained as well as
an estimate
of the rate of protein decomposition.
Proteolysis
studies will be done on samples from the other sites in the
desert biome to obtain comparative data.
It is requested
that personnel at
these sites furnish the soil samples.
Field work will initially
be confin~d
to the Jornada site; however, when the details
of technique are perfected,
studies at other sites should be done.
5.5.5.5.
Alexander,
M.
Microbiol.
Brock,
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5.5.5.6.

Contribution

by New Mexico State

University

Laboratory
space, equipment, and some supplies will be
furnished
by New Mexico State University.
Major equipment items include
incubators,
water baths, gas chromatographs,
spectrophotometers,
liquid
scintillation
spectrometer,
and field vehicles.
The project
leader will
spend approximately
20% of the academic year on the program which amounts
to a contribution
of $3,000 in salary.
5.5.5.7.

Total

Budget

$10,724
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5.5. ·;: The Role of Algae in Crust Formation
Desert Soils
Project Leader~ Raymond I. Lynn, Assistant
Botany, Utah State University,
Logan, Utah
Consultant:
California

and Nitrogen
Professor,

Cycling

Department of

Roy E. Cameron, BioScience Section, Jet Propulsion
Institute
of Technology, Pasadena, California

Where Conducted:
Hanford,
Jornada,and the laboratory

Curlew Valley,

Pine Valley,

in

Laboratory,

Tucson and

Abstract:
The authors propose a series of preliminary
laboratory
and
field experiments to indicate
the nature of the contributions
made by
the algal microflora to the desert community. Desert soil crusts are
observable in many desert areas, but information is still
needed as
to their practical
contribution
in desert soils.
This project is
intended to provide information on the development, longevity,
biological,
and chemical degradation of desert soil crusts.
Particular
emphasis
will be placed on the role of algal components in relation
to soil nitrogen
conversions and fixation of atmospheric nitrogen.
The first phase of
this study is intended for one year, beginning with a preliminary
sampling
and survey of the soil algae at designated desert biome sites.
S.5.6.1.

Objectives:

5.5.S.l~l.
of the algal

Short Range

5.5.Ll.1.1.
community.

Establishment

of the generic

composition

5.5.8 .1.1.2.
To determine the role of algae in crust
formation, and their contribution
to the organic matter and nitrogen
status of arid soils.
factors

5.5,6 .1.1.3.
To determine the macro and micro-environmental
influencing
algal productivity
and energy flow.
5 . 5 . 5.1. 2 .

in development,

Long Range

5. 5. 'f,.1. 2 .1. To de.termine the role of algal
utilization
and reclamation of arid lands.

soil

crusts

Soil crusts are a prominent feature in some desert areas,
especially
where higher plants are sparse or irregularly
distributed.
In
most cases, soil crusts are composed of a comrnunity of microorganisms-,
with the bulk of the biomass composed of blue-green algae.
These algae
are usually present wherever available moisture is present at some time
during the life cycle, and light,
temperature,
nutrients
and other
I,

5. 5 .6 . -2
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physical,
physicochemical,
for growth and reproduction.

chemical,

and biotic

factors

are suitable

Soil algae are present in hot, cold, and polar desert soils when
no other chlorophyllous
plants are evident.
The geographical
distribution
of many soil alg·ae may be world-wide (Feher, 1948), but our knowledge of
them, especially
in desert areas, is far from complete (Cameron and Blank,
1966).
It is mainly within the last 30 years that soil algae have been
observed,
collected,
cultured,
isolated
and studied.
In arid and
semiarid
areas, their importance has been noted in soil stabilizat_ion
as
well as promotion of erosion,
restriction
of water infiltration
and
penetration,
reclamation
of salty lands, and as primary colonizers
of
denuded, eroded, or barren ground; in this their resistance
to desiccation
and prolonged drought, and to extreme soil temperatures
including diurnal
freeze-thaw
cycles, play an important role.
They are noteworthy forerunners to the subsequent establishment
on soil surfaces of mosses and
seed plants (Booth,' 1941).
A recent review has indicated
that desert soil crusts and associated
diaphanous materials
provide ecological
niches
where environmental
factors
are much less restrictive
than the surrounding
soil, and the algal
abundance is increased
(Cameron and Blank, 1966). The abundances and
diversities
of populations
build up in these microniches,
and the algal
components are an important source of organic matter (e.g.,
Fletcher
and Martin, 1948; Lund, 1962; Shields and Durrell,
1964). It has been
found that some soil crusts,
and some of the algal isolates
from arid
ind semiarid soils,
have the ability
to fix atmospheric
nitrogen
(Cameron
and Fuller,
1960; Mayland tl· tl·, 1966). However, detailed
studies of
protected
research areas have not been undertaken.
The ecological
approach has not been emphasized to include interacting
factors
of microclimate,
soil, and micro-macroorganism
interrelationships.
The diversity
of previously
described
algal species from desert soil crusts has not been
considered
from the viewpoint of inherent variations
of species as ecophenes
dependent on ecological
factors
of the physical and chemical environment
and biotic relationships
(e.g.,
Drouet, 1968).

5. 5 .6 . 3.
desert

Procedures:

5.5.6 .3.1.
biorne sites.
5.5.6 .3.2.

Determination
Aseptic

of extent

collection

of soil-crust

of 10 to 20 soil

formation
samples

in

from

each site.
5.5.6.3.3.
Determination
of soil properties
of each sample,
including i,!! situ moisture,
texture,
pH, organic and inorganic carbon,
organic nitrogen,
ion exchange capacity,
and water soluble or "available"
nutrients.
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5.5.6.3.4.
Culture each soil sample and determine the total
abundance of algae; identify
the most prolific
or prominent species and
determine their relative
contribution
to the entire population.
_
5.5.E.3.5.
Utilize
light fluorescence,
phase and scanning
electron microscoµy to study the relationships
of algae in cultures
and
within soil crusts,
especially
in regard to activity
following moistening
of individual
soil crusts.
5.5.~.3.6.
Using the techniques of autoradiography
and other
labeling procedures we will attempt to follow energy flow in the soil as
illustrated
by incorporation
of 14c labeled compounds.

5.s.,.3.7.

crusts

Determination
of photosynthetic
via_l4co 2 (Lynn and Brook, 1969).
5.S.4.4.

Structure

rates

of algal

of the Research:

This project will be correlated
with the desert microflora
program
of the California
Institute
of Technology (Dr. Roy E. Cameron, Cognizant
Scientist)
and with ongoing research projects
in the Desert Biome Project
in the laboratory
of the principal
investigator.
Desert soil algal
distribution,
abundance, identification,
and primary production are
routinely
determined as part of these programs,
At the present time,
the study of soil algae has been included in the analysis
of polar desert
soils,
in relation
to obtaining
information,
data, and samples for
development of·extraterrestrial
life detection by the Pasadena laboratory
while studies of distribution
and primary productivity
have been carried
out at the Utah State University
facilities.
The undertaking
of this
project will involve the investigators
in sample collection
and subsequent
culturing,
observation,and
identification
of blue-green
algae to the
species level.
Logistic support will be needed in the form of transportation to and from desert biome sites, consultation
with other desert
biome investigators,
and soil physical and chemical analyses.
Algal
cultures
and soil samples will be stored in accordance with previously
devised procedures.

5.5.q .5.

Expected Results:

Experience gained from study of soil crusts from many desert
regions,
both in the field and laboratory.indicates
that algae are
present in many desert soils,
either as a~single population
(in the least
favorable environments)
or as inhabitants
of a complex community of
many kinds of microorganisms.
Yor a given desert area and habitat,
the
moisture status
(quantity,
quality,
frequency? distribution,
duration,
and availability)
is one of th= most important factors
for the occurrence,
distribution,
abundance, kinds, activities,and
productivity
of algne,
It is expected that a study o: soil-algal-moisture
relationships
will
provide further
insight on the role of these organisms in desert soil
crust formation,
their ferti:ity,
microbial composition,
and contribution
to productivity.
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5.5.7.

Nitrogen

Project

Leader:

Where Conducted:

Accretion

in a Desert

Ecosystem

A.G. Wollum, Department of Agronomy, New Mexico State
University,
Las Cruces, New Mexico
Jornada

Abstract:
All possible
sources of nitrogen
fixation
within the ecosystem,
free-living
and symbiotic,
will be assayed, and the total nitrogen contribution determined.
The method'used for most of this work will depend on
nitrogenase
reduction
of acetylene
to ethylene.
5.5.7.1.

Obiectives

The proposed research encompasses two major objectives:
(1) assay of all possible
sour~es of nitrogen fixation
within the study area,
and (2) the determination
of the total contribution
of the nitrogen
fixers
within the study area.
5.5.7.2.

Justification

This revised project
reflects
an addition
in personnel
adequately
evaluate the potential
contribution
of free living forms
nitrogen
accretion.
In addition,
soil samples will be obtained and
made of parameters relating
to the modeling of the rate function of
transformation
in a desert ecosystem.
5.5.7.3.

Previous

to
to
analyses
N2

Work

• Biological
nitrogen
fixation
is distributed
among a variety
of
, organisms and organism complexes·.
Among the better known nitrogen
fixers
..• are Azotobacter
and Clostridium,
the blue-green ,algae (Mayland and McIntosh,
1966), the Rhizobium-legume association.and.;
certain
nodulated non-legumes .
.
The potential
contribution
of these organisms an~ :Rlant associations
to
ecosystem N in areas of low N turnover is unknown.· In addition,
recent
information
suggests that important sources of .biological
nitrogen
fixation
may have escaped detection,
In 1968 Farnsworth and Hammond reported on the
occurrence
of nodulated plants of Artemisia
ludoviciana
and Opuntia fragilis.
-However, no mention.was made of the potential
of their nitrogen
fixing
capabiliiies.
Thus it would appear that there.is
incomplete information
on
the distribution
of nitrogen
fixers in many ecosystems.
Also, the
quant_ities
of nitrogen
that are being fixed are largely unknown, particularly
i~ d~sert ecosystems.
Until recently,
any study of nitrogen accretion
was restricted
becauGe
of limited access to mass spectrometry
equipment and the expense of NlS,
However, current developments
in instrumentation
and methodology should
facilitate
the study of nitrogen
fixing organisms.
B-i:-iefly~a technique has
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been derived utilizing
t~e reduction
of C2H2~C2H4 . This technique is based
on the qemonstration
that nitrogenase
is a most versatile
reducing catalyst
(Hardy, et_ .!!.!,., 1968)-. The assay consists
of testing
an organism in_ an
atmosphere of c2H2 and after a period of incubation,
C2H4 is detected by gas
chromatography,
if nitrogenase
is present.
This method compares favorably
with Nl5 method in that (1) it is much more sensitive,
(2) it is rapidJ(3)
results
can become available
within ten minutes of the termination
of the
experiment,
(4) it is inexpensive,
the major piece of equipment required
being particular
skill,and
can be run by a well-trained
laboratory
technician.
(Stewart,
1968). This method of c2H reduction
for assaying nitrogen
2
fixation
has been adapted and utilized
in our laboratory
studies relating
to the small quantities
of nitrogen
fixed in the rhizosphere
of unfertilized
ponderosa pine (Wollum, 1969).

5.5.7.4.

Procedures

5.5.7.4.1.

Assay of potential

N2 -fixers:

Various plant parts including segments from the
rhizosphere
and rhizoplane
will be assayed by the c2tt 2 reduction technique.
In addition,
various non-rhizosphere
samples will also be tested.
The
samples will be contained within the serum bottle flushed with aerobic or
anaerobic gas mixtures,
and exposed to a 0.1 atm. of c2H2 . After an
incubation
period of 1 to 24 hours, the presence of c2H4 will be detected
by a gas chromatograph.
At the same time.soil
temperatures
will be determined, as well as samples obtained for moisture,
and other determinations
of parameter required to develop rate functivn for Nz transformations.
Sampling will be maintained on a biweekly schedule.
5.5.7.4.2.

Source

of N2 fixation:

Samples with high apparent nitrogen
fixing
activity
will be investigated
more intensely
to ascertain
the exact site
and cause of fixation.
Plant roots will be examined for nodules.
Rhizosphere and soil samples will be checked for the presence of Azotobacter
and
Clostridium
or other nitrogen
fixers and soil samples examined for bluegreen algae.
Standard cultural
techniques will be used for the enumeration
of the various organisms.
5.5.7.5.
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5.6.

Abiotic

Studies

Proposals·for
process studies on abiotics were in part carried over. fron
thE.!proposal submitted in 1969; in part they .were developed ..as a result of
invitations
issued in January 1970 (See Appendix 7.1.).
A number of abiotic
scientists,
some already involved in the Desert Biome program, some outside
it, had agreed to serve on a review panel for these proposals, and the
documents received were submitted to selected members of the panel for
comment and appraisal.
The program owes a considerable
debt to these
reviewers, and they are listed below:
Dr. John Cary, U.S.D.A.,
Dr. David Carter,

Twin Falls,

U.S.D.A,,

Dr. Inge Dirmhirn,

Twin Falls,

Utah State

Dr. Gordon Dutt, University

Dr. Henry Rachele,

Logan

of Arizona,

U.S.D.A.,
Utah State

Tucson

of Arizona,

Dr. Ted H::L:nds,Battelle-Northwest,

Dr. Jerome Jurinak,

Idaho

University,

Dr. Daniel Evans, University

Dr. Raymond Jackson,

Idaho

Tucson

Hanford,

Washington

Tempe, Arizona
University,

White Sands Missile

Dr, Arthur Wollum, New Mexico State

Logan

Range, New Mexico

University,

Las Cruces

The abiotic process studies incorporated
in this proposal for 1971
are listed below, and details of each will be found in the Section indicated
General

. . .

. . . . . 5.6.1.

The Radiative Environment and Surface Temperature
Microscale in Sagebrush Vegetation.
.
Factors Affecting Movement and Distribution
in Desert Soils . . . . . . . . . .
Predicting
Potentials

on a
. .......

of Anions

Nitrogen Transformations
and Osmotic
in Warm Desert Soils . .
. ...

Water Potential
Systems .....
Water, Radiation,
Shadscale Desert.

in Desert Soil - Plant

5,6.2.

. .....
. ......

5.6.3.
5.6.4.

- Atmosphere

..............

and Heat Balance of a Sagebrush. .....................

......

. 5.6.5.

5.6.6.

.
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Project

The Radiative Environment
a Microscale in Sagebrush

Leader

Where Conducted:

and the Surface
Vegetation.

Temperature

on

Inge n·irmhirn, Department ot: Soils and :Meteorology,
Utah State University,
Logan, Utah
Curlew Valley

Abstract:
Models will be developed for the radiative
flux that is encountered
by a biological
object in sagebrush vegetation.
A miniature
pyranometer
designed and built in-house,
will be used, as well as a net radiometer.
A miniature
photocell
with filters
in 6 spectral
bands within the visible,
range will roughly break down the spectrum for estimates
of the available
radiative
energy for photosynthetic
purposes.
Surface temperature
measurements of soil and plants will be made
with an infrared
thermometer, and the results
will be compared with the
models for radiative
flux.
We can thus determine the effect of radiation
alone on surface temperature.

A complete heat exchange study, including the other.components
(heat
exchange with the ground and the air, and evaporation)·will
eventually
extend the study outline here.
5.6.2.1.
for
in
in
by

Introduction:

In a desert area, solar radiation
as a rule is abundant.
The problem
animals and plants in that environmen_t, therefore,
lies not so much . •
the availability
of sufficient
energy provided ·by solar radiation
as
achieving a reason~ble protection
against it and against the heat produced
it.

In a climate with a high percentage
of· cloudless
days, the amount
of direct solar radiation
exceeds by far that of scattered
radiation;
thus the difference
in intensity
of incoming radiation
on places in bright
sunshine and in the shadow is considerable.
Consequently,
the developed
heat on the surface of these places can vary considerably,
too.
Small plants
or animals can, by being exposed to sunshine,
or being in the shadow,
experience
extreme variations
of their environment with regard to heat
load on an extremely small scale in time arid space.
We feel that it is
important to have information
on these extreme conditions,
not only from
a generalmeteorological
viewpoint,
but relative
to the exposure and shape
of the biological
object.
The amount of the heat load by radiative
energy is reflected
in the
surface temperature.
Even if conduction and convection as well as evaporation
prevent a close correlation
between radiative
flux and surface temperature;
under desert conditions
the surface temperatures
are closely following
the patterns
of the radiative
flux, and extremes are encountered in bright
sunshine.

5.6.2.-2
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Animals can avoid longer exposure to these extreme surface temperatures
by leaving those places or being adapted to the .environment (e.g.,
beetles
with extrP-~ely long legs to keep their body away from the hottest
region
close to the surface).
Plants,
however, can only vary the exposure of
their leaves with respect to solar radiation
or adapt to the extreme environment.
5.6.2.2.

Objectives:

5.6.2.2.1.
albedo, and net radiation
in a sagebrush vegetation
short-wave

The radiative
flux, solar and scattered
radiation,
in the environment of plants and small animals
will be determined.

5.6.2.2.2.
A small pyranometer for the measurement
radiation
on a microscale will be developed.

of

5.6.2.2.3.
The impact of the radiative
energy on the surface
temperature of the ground and of plants on a microscale will be measured
and correlated
with the results
of radiation
measurements.
5.6.2.3.

Justification:

Detailed measurements of the radiation
budget and its relation
to
the surface temperature were not carried out previously
in desert areas.
The increased interest
in the immediate environment of plants and animals
within the desert biome makes information
of these microclimatological
parameters necessary for an estimate of the heat load on plants and animals.
5.6.2.4.

Previous

Work:

Previous relevant
studies included:
Radiation and heat budget on
glaciers
(1956-1957),
the radiative
environment in lakes (1951), and under
different
canopies (1961-1968).
The relation
between soil and surface
temperature and radiative
processes were studied earlier
(1951-1958).
Recently, investigationsof
the radiative
environment in desert areas were
started
(papers in preparation)
and are being continued (in Sonoran desert,
Nay 1970).
5.6.2.5.

Procedure:

5.6.2.S.l.
The radiative
environment on a microscale within
a sagebrush vegetation
will be determined.
Not only the flux directed
upward and downward, but also the radiative
exchange of differently
shaped
bodies will be investigated
following a concept which was described in
1964: Dirmhirn "Das Strahlungsfeld
im Lebensraum" (Environmental Radiation).
Parameters taken into consideration
will be exposure (with degree of exposure
toward the sun), slope angle, and obstructions
of any kind.
From the
measured data, models for the radiative
heat gain or loss of a biological
object of a global and cylindrical
shape (representing
small animals)
will be developed and compared with the.measured data for flat surfaces
(leaves).
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To provide some basic information on the changes of the spectral
composition of the incoming radiation
with changes of exposure, a small
photoelement with absorption filters
in 6 spectral
bands will be used.
These data will help to determine the amount of available
radiative
energy
for photosynthetic
processes.
It is underst~od that the measurements
in various ranges of the spectrum with the kind of instruments described
can only be a first information of the spectral
composition of Jhe.shortwave
radiative
energy exchange.
A more detailed
study of the spectrum is.intended
as soon as appropriate
funding for the purchase of a wonochrometer will
be made available.
•
Models for daily and annual variations
be developed for a few selected cases.

in the radiative

energy.will

5.6.2.5.2.
A miniature pyranometer will be designed, calibrated,
and used during the course of this study.
The instrument's
design will
follow the layout of an existing
pyranometer but will be reduced considerably
in its dimensions.
Only a few parts for this instrument will be purchased,
while the sensor and housing will be ~ntirely built inhouse.
The size
of the instrument will be comparable·with
the expected sun and shadow
pattern ort the desert floor around a sagebrush, cactus or other major
desert vegetation.
The miniature photoelement plus a set of filters
the Soils and Meterology Department of USU, and will
study.

is available
at
be used for this

5.6.2.5·.3.
Test measurements of the surface temperature
of desert soil and plants will be made. Barnes Model PRT - 4 Precision
Ra<liation Thermometer with a 2° field of view will be used to measure
surface temperature of small areas remotely.
The measured surface temperatere
and radiative
flux will be correlated ·to.each other and upper limits determinsJ,
which are considered restrictive
for some biological
processes 1 and the
radiation
models will be brought into relation
with the surfa.ce temp.erature
results.
5.6.2.6.
Outlook and Further Goals: This proposal is intended
to be part of a larger study of the heat load to which plants and animals
are subjected under extreme conditions.
Further measurements of surface
temperature will then be used to develop models of heat load on desert
animals and plants.
The influ8nce·of
radiative
procosser. nlonP. on':lurf;,.ce temper.<iture will then. bP. determined.
A Morc·~xtended study <,>f
th·e·sn~ctral
c◊moosition ·of the radiation
in a ·desert area on' a· microscale
is planned in a later c~ntinuation
~.f. this study,
"1\lue shade" (hy
,·
inorganic obstructions)
and 11 green shad~ 11 (by Ot>Structions by plants)
spectral
compositions and their influence on photo!',lynthesis will be the
mairff itel'l. of this follouing
study.
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Facilities:

Recorders, meters and auxiliary
instrumentation
will be supplied
by Utah State Ecology Center and Soils and Meteorology Department.
The
mobile laboratory of the Ecology Center/Department of Soils and Meteorology
will be available for use in this study.
5.6.2.8.

Literature
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Project

Factors Affecting
in Desert Soils

Leaders:

the Movement and Distribution

of Anions

Dr. J. J. Jurinak, Department of Soils
Utah State University,
Logan, Utah

and Meteoro_logy,

Dr. A. R. Southard, Department of Soils
Utah State University,
logan, Utah

and Meteorology,

Dr. R. J. Hanks, Department of Soils
Utah State University,
Logan, Utah

and Meteorology,

Abstract:
A study is proposed to investigate
the factors affecting
the seasonal
distribution
of plant nutrients
in the soil profile at the Curlew Valley
site of the Desert Biome. Major effort will be directed toward the study
of nitrate
and phosphate distribution
and movement. Both the soil nitrogen
and phosphate will be monitored during the growing and non-growing season·
in vegetative
and non-vegetative
locations within the Curlew site.
The
nitrogen and phosphate will be fractionated
into their organic and inorganic
components.
Laboratory soil column studies will be conducted to obtain
additional
data concerning anion distribution
under various wetting and
drying cycles.
5.6.3.1.

Introduction:

In desert regions, the limited rainfall
precludes the possibility
of drainage.
Such situations
usually lead to a distinct
accumulation
of salts at the lower boundary of moisture penetration
assuming the absence
of ground water.
However, a definite
vertical
and horizontal
distribution
of salts does exist in the profile
and it is interpreted
in terms of differential mobility and specific
interaction
of ions with the soil matrix.
The movement of anions, those considered non-reactive
with soil,
is governed primarily by the internal
water movement within the profile.
The anions included in this group are:
nitrates,.chlorides,
and possibly
sulfates.
The vector for these ions is the soil water which move3 downw2,d
in response to seasonal precipitation
and upward in response to ev~potranspir.a·
tion demands.
The movement and distribution
of anions which do react with the soil
components are also governed to a large degree by the .internal water movement.
However, the concentration
of these anions in the soil solution,
and hence
their movement, is tempered by the physico-chemical
relation
between the
anions in solution and a given solid phase.
The anions in this group
include:
phosphate$, borates, molybdates
and silicates.
5.6.3.2.

Objectives:

_It is proposed that studies be initiated
at the Curlew Valley site
of _the. Desert Biome to investigate
the factors affecting
the seasonal
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distribution
soil profile.

of plant

nutrients

that

exist

in the form of anions

in the

The anions initially
studied will include nitrates,
phosphates,
borates
and chlorides.
Major effort will be directed toward the study of nitrate
and phosphate distribution
and movement because of its importance to the
overall problem of nutrient
cycling by native vegetation.
In addition,
the inclusion
of borates and chlorides in the study will allow comparisons
to be made which will accentuate the differences
in the reactivity
of
the ionic species involved and hence form the basis for the development
of a predictive
relation
in terms of ion migration with soil moisture.
The nitrogen and phosphate found in the soil profile will be fractionated
into its organic and inorganic components to gain insight into the capacity
and intensity
factors operating during the nutrient
cycling of these elements
by vegetation.
To accomplish the project's
goal both on-site and laboratory
studies are envisioned.
5.6.3.3.

Justification:

The proposed research has a direct
Desert Biome Program, since it provides
necessary for any nutrient
cycling study
physical and chemical properties
of the
survival for both plants and animals.
5.6,3.4.

Previous

and immediate application
to the
the pertinent
soil chemistry data
at the Curlew Valley site.
The
soil matrix form the basis of

Work:

Most of the previous studies involving ion or salt transport
in soils
have been concerned with saturated
moisture flow and steady state conditions
(Frissel
and Poelstra,
1967; Berg and Thomas, 1959; Thomas, 1963). The
more natural situation
of salt transport
in systems involving unsaturated
moisture flow and un-steady state conditions has only recently been studied
in the laboratory
(Bressler and Hanks, 1969). This approach concerns
the numerical solution of non-reacting
salt flow proceeding simultaneously
with moisture flow in unsaturated
soils.
A computer program for the numerical
analysis is developed,and predicted data agree favorably with experimental
column data involving salt and moisture distribution.
The conditions
under which Bressler and Hanks (1969) developed their approach closely
approximate
those of desert regions.
It is anticipated
that pertinent
soil analysis data from Curlew Valley will be coupled with the model of
Bressler and Hanks (1969) to test its validity
under natural conditions.
5.6.3.5.

Procedures:

5.6.3.5.1.
Curlew Valley Site Studies:·
The distribution
of anions in desert soils and how this distribution
varies during the
growing and non-growing season will be monitored at predetermined depth
increments and time intervals.
The monitoring sites will be in both vegetative
and non-vegetative
locations,
i.e.,
within the vegetative
canopy and in
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adjacent areas outside of the canopy's influence.
The intimate relation
between moisture and salt movement requires that coordination
be maintained
in terms of sites,
depth and time of sampling with the soil moisture measurement studies which will be concurrently
conducted,
All analytical
procedures
used throughout this study will be selected from those in general soil
laboratory
use. The tentative
list of analyses to be conducted on the
field samples will include the following.
The soil phosphorus is to be separated into its organic and inorganic
fraction.
The inorganic fraction will be further differentiated
into
calcium-,
aluminum-,
and iron phosphates as well as the labile or plant
available
phosphorus.
Organic phosphorus will be determined by sample
ignition,
in a muffle furnace, which converts all phosphorus into their o~ganic
form. The difference
between HCl extractable
phosphorus of an ignited
and non-ignited
sample gives a measure of the organic phosphorus Gontent
(Black, 1965). The fractionation
of inorganic phosphorus follows the
procedure of Chang and Jackson (1957) which gives a reasonable estimate
of the inorganic mineral form of soil phosphate.
A measure of the labile
or plant available
phosphorus will be made by using the NaHCO extraction
3 agronomic
method of Olsen, et al. (1954).
This method is a standard
procedure used toassess
the available
phosphate status of alkaline soils.
Total phosphorus content of the soil samples will be measured by the Mg(NO)
3 2
ashing procedure of Anderson and Black (1965).
The total soil nitrogen parameter will be determined by the familiar
micro-Kjeldahl
method (Bremmer, 1960) while the inorganic nitrates
(NH+
and NO- are to be determined by steam) distillation
of a KCl extract of 4
3 soil sample (Black, 1965). The difference
the
between total and inorganic
nitrogen allows a measure of the organic nitrogen content of the soils.
Total salt concentration
in the soils will be determined by electrical
conductivity
measurements of the soil extract
(Richards,
1954). In addition,
both boron and chloride will be analysed in the soil extract (Black, 1965),
using the carmine dye method and potentiometric
titration,
respectively
(Black, 1965).

5.6.3.5.2.
Laboratory Column Studies:
The probability
exists that the subtle changes in anion distribution
under natural biome
conditions will be masked by the gross salt flux which occurs in the field.
For this reason, a more controlled
study will be carried out concurrently
in the laboratory.
Soil samples taken from various depths will be put in columns in
a layered fashion to simulate the natural profile
sequence.
The relative
mobilities,
both upward and downward, of the anions will be measured in
sub-percolative
studies.
The soil columns will be dissected and analyzed
as in the field study.
The laboratory
aspect of the study will allow
greater flexibility
in that the moisture variable can be controlled
allowing
investigation
of anion distribution
under the condition of various wetting
and drying cycles.
In addition,
the salt release pattern,
obtained by
extensive leaching, will provide a quantitative
index of the relative
mobility of a given ion within the natural soil profile.

5.6.3.-4
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Project

Predicting
Nitrogen Transformations
in Warm Desert Soils
1

Leaders:

G. R. Dutt,

Where Conducted:

and Osmotic Potentials

T. C. Tucker

.r?:

Tucson, Arizona

Abstract:
. Models previously
to· allow for prediction
in desert soils.
5.6.4.1.
transformation
potentials

used in agricultural
soils will be tested and modified
on nitrogen transformations
and osmotic potentials

Objectives:

5.6.4.1.1.
Develop reaction rate equations for nitrogen
in soil at high temperaturesand
low moisture contents.

5.6.4.1.2.
Develop a procedure for calculating
osmotic
of soils at high temperatures and low moisture contents.
5.6,4.1.3.

Develop system analysis

subroutines

for pred:i.ct~.ne;

i,i'lnd 2 above.
5.6.4.2.

Justification:

The influence of salts in desert soils.and
particularly
nitrogen,
is particularly
great because very little
drainage and movement of salts
.out of the surface soils occur.
This causes high osmotic potential
which
influences plant growth.
Very little
work on the dev~lopment of predictive
models adapted to desert soils conditiorshas
been done.
5.6.4.3.

Previous

Work:

Over the past ten years the chief investigator
has be~n working on
computer models of soil-water
systems!'
During ..the
,last two years, the U.S. Bureau of Rec ...amation has, under contract·agreement,
been financing the development of a system analysis model for predicting·
nitrogen in irrigation
drainage water by the personnel submitting this
proposal.
This contract has led to the development of a model for making
such predictions.
This model is currently being verified
ahd predicted
values compare favorably with verification
data tested to date.
The model,
in fact,is
a systems analysis model considering
the dynamic soil-water
system, and may be directly
applicable
to a desert biome model in its
present form under certain conditions.
However, under high temperature~
and low moisture contents present in many desert soils, it is most prob401P.
that the moisture movement subroutine and possible nitrogen transformation
subroutine will not correctly
predict the concentrations
and distribution
of ·nitrogenous compounds. In addition,
inputs of fertilizer
nitrogen
will be non-existent
or small in comparison with irrigation
agriculture.
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Thus, transformation
of N gas by soil organisms to other forms must be
considered,
'·
These 2 fixation
reactions were considered negligible
in the current model.
As mentioned earlier,
the moisture movement subroutine will most
likely need modification
to consider dry arid soilswhere vapor movement
of water is significant.
An important factor for predicting
water movement
should be the osmotic gradient present in soils.
Although the current
model considers the concentration
of solutes,
it was not designed to make
calculations
in the range of salt concentrations
present under some desert
conditions.
It is felt that the subroutine for predicting
solute changes
in soils will need to be altered to hold under hot dry desert conditions.
Thus, it would seem that the current model needs to be evaluated
and modified if it is to be used as a subroutine in a desert biome model.

5.6.4.4.

Procedures:

The current model will be tested against verification
data to indicate
what additional
factors other than those discussed must be considered
to give reasonable predictions
for desert soils.
Nitrogen transformation
data gathered by other investigators
of the
Biome program will be used to develop rate equations for the·transformation
of nitrogen
compounds in the soil.
The procedure for developing
the rate
equations will be the same as developed earlier
(4).
A model for calculating
the ionic composition of ca+ 2 , Mg+2 , Na+,
c1-, so=, Hco-, and co= in soils will be extended to account for high
4
3
3
concentrations
of salts.
This model will be combined
with the equations developed for nitrogen transformations
to form a model
of the sub-system mentioned above. The osmotic potential
will be measured
in soil material taken from the Tucson Biome site and computed with predicted
values.

5.6.4.5.

Expected Results:

The authors are working with the above sub-system for irrigated
it is felt that these models may be extended into the dried moisture
found in hot desert soils~·
5.6.4.6.
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Project

Water Potential

Leaders:

Where Conducted:

in Desert

Soil-Plant-Atmosphere

H.K. Qashu, (Principal
tnvestigator),
J. W. O'Leary; A. W. Warrick

Systems
D. D. Evans,

Tucson, Arizona

Abstract:
A study
desert soils
will be used
phere system

to develop relationships
between the water potential
of
and the soil-plant-atmosphere
system will be made. Psychrometer.s
to measure water potential
as influenced by the soil-plant-atmosof a warm desert.

5.6.5.1,

.

':.

Objectives:

The generalized
objective
of the project is to determine water potential
under selected desert conditions
in the soil, plant, and atmosphere and
in the system.
relate the findings to water availability
and transfer
The specific
objectives
are:
5.6.5.1.1.
To measure· spatial and· temporal variability
of water potential
in soil-plant-atmosphere
systems.'
5.6.5.1.2.
the soil-plant-atmosphere
and transport

'To determine
systems.

5.6.5.1.3.
coefficients

5.6.5.2.

water transport

_parameters in

To derive function(s)
relating
potential
to water movement in the systems.

gradients

Justification:

Under desert conditions,
water supply is a critical
factor in biological
activity
and productivity
of the ecosystem.
Quantities
and _rates of water
extraction
by plants from soil are related to both the water content and
soil water potential
gradients.
It' is only recently that field instrumentation
has been available
to reliably
measure water potential
in ·soils and plant
stems and foliage.
Not only will the data be available
for mass and energy
transfer
assessment but will be available
to other research workers studying
other processes which are dependent upon temperature and water potential.
5.6.5.3.

• Previous

Work:

Raw_lins and Dalton (196 7) developed the psychrometer for use under
fi~ld conditions.
Since that time~numerous investigators
have used the
instruments•in
field experiments.
Modifications
and adaptations
of the
psychrometerhav~been
made and it is now commercially available
(Lepco
Co., Logan, Utah).
5.6.5.4.

Procedures:

The basic operation
to lower the temperature

procedure of the thermocouple psychrometer is
of the thermocouple junction below the dew point

5.6.5.-2
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using Peltier
effect,
thus condensing a
Then temperature regimens of the cooled
matched thermocouple in the same cavity
cooling of:the; water droplet and relate
and soil

water potential.

water film or droplet on the ju~ction.
thermocouple and another electronic-~lly
are used in calculating
evaporative
that to vapor-pressure
depression
·~\••

Psychrometers for the study will be calibrated
under laboratory and
field conditions.
Laboratory calibration
will consist of vapor pressure
measurements for a wide range of temperatures and vapor pressure in the
atmosphere.
Equilibrium times and calibration
curves for each psychrometer
will be determined and used in deriving ·an optimal field installation
plan that allows the estimation of operational
errors in eacµ unit.
If
the psychrometers exhibit large
variability,
further-calibration
of all
units will be conducted using soil material collected
from the. location
where the unit is to be installed.
Otherwise, further calibration
will
be conducted using fewer units, not necessarily
the' ones-. designated for
field installation.
Once the psychrometers are calibrated.,
absorption and desorption
isotherms using sa~ples of soil from the field sites will be determined
over a wide range of relative
humidity and temperature under laporatory
conditions.
The isotherms will be related to soil properties--textures,
organic matter· content, bulk density,
thermal diffusivity,.
water content,
anions and cations contents, and porosity--to
assist in deriving equations
to predict water flow rates for a wide range of conditions.
Hysteresis
effects in potential
measurements of relatively
dry soils (greater than
one bar suction) will be determined and taken into consideration
when
studying water flow in situ.
Recognizing field variabilities
of soils and microclimate and the
wide ranges of temperature and water content of certain parts of the system,
calibration
of field units is necessary to attain the objectives
of the
project.
One of the major difficulties
associated with the use of psychrometers in transient
systems •is· directly
related to rates of change in soil
temperature and water content.
Therefore, equilibration-time
function
of the uni ts for different
soil, water, -and temperature will be necessary
for estimating errors of measurements under a wide range of .conditions.
These data will be used for deriving equations to predict water content
from vapor pressure measurements.
Sites will- be sele·cted at• the Tucson Intensive Stt,idy Area of the
Desert Biome. The sites will include at least three different
soil and
plant conditions as determined from soil and vegetation variability
studies.
Each site will be instrumented with psychrometers for measuring water
potential
and temperature.
Psychrometers will be placed in the soil at
selected depths and distances from the center of each site and at selected
distances above the soil surface.
Micrometeorological
sensors--radiation,
wind, soil heat flow, and surface temperature--will
be placed near each
site.
Psychrometers will also be used to measure plant water potential
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where possible.
Psychrometric measurements will be taken using a mobile
electronic
laboratory at the site.
Microclimatic
data will be continually
recorded using a data-acquisition
system in a mobile laboratory.
The field calibration
site will be instrumented
sampling" area and the data will be used to evaluate
program.

in the "destructive
the laboratory calibratiot

The collected data will be used to calculate
changes in water content
and temperature and water potential
gradients and soil water diffusivities.
5.6.5.5.

Literature
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Evaluating

soil
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Water. Radiation
Desert··

and Heat Balance of a·· Sagebrush-Shadscale
..

Project

G. Ashcro'ft,

Leaders:

Where Conducted:

C, Campbell,

I

R. J. Hanks and O. L. Wood

Curlew Valley and Logan, Utah

Abstract:
Stud:1,es will be made ·to· evaluate the relationship
of evap·otranspiration,
net radiation
and·s·ensible
heat exchange in a.sagebrush-shads'c-a1e·desert.
•
Models appropriate
to the 'condition~ will be tested for estimating· evapotrans...:.
piration
and soil·water·status
from climatological
data.
•
'
5.6.6,1.
water,

To evaluate
radiation

Objectives:'
the relation
of soil water co~tent and climate of the
and heat budget of a eagebrush-ahadscale
desert.

5,6.6,2.

Justification:

Predictive
models for the desert ecosystem will require inputs of
climatic and soil variables
in order to predict _the_soil water status.
The soil water status will in turn be an input for the predictive
m6'del
for plant growth .• Geb.er_al relations
of SQil water. ,eoptent arid. climatic
conditions have been worked out for many agriculturaL
crops, but-·little
information
is available
for deserts.
Most present models are quite inaccurate
when soil water limits transpiration,
a condition.,cominon in dese·rts·.· ·• ;
Thus studi~s are needed to provide basic data from which present moaels
can be evaluated and modified.
5.6.6.3.

Previous

Work:

The many models 'pr~posed to describe the relqtion of soil water and
climate to the water, ,radiation
and heat balance have been summarized·_
for agricultural·
crops ·in the book by Hagan et al. (1967). • Recent investi8~tions by Hanks et, al. (1968, 1969) have demonstrated the additional
problems
associated
with--:Some of t;l}ese models because or p1a~t differences
and
inadequate soil water.
The complications
aris.ing '.from different· soU
surface salt concentrations
on evaporation directly
from the soil have
been demonstrated by Q£!yyumand Kemper (1962).
Past work has indicated
that the ~quation relati?g
evapotranspirat~on
(LE) to net radiation
(RN), soil heat flow (G) and sensible heat -'exchang~
(H) with the air is given to an accuracy of about 10% as follows:

RN= LE+ G + H
For periods
resnltR

in

(l]

of a day or longer, G is normally fairly small which
rndi::ition
being used in evapotrarispiration
(if soil

thP. net.

..

· ..

·
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water is not limiting)
or sensible heat exchange with the air (if soil
water is limiting).
There may be instances,
if local rains produce an
"oasis," where heat will be extracted
from the air (His negative)
for
evapotranspiration.
The importance of this advective effect is apparent1y
highly plant dependent.
Procedures:

5.6.6.4.

The basis for the study will be evaluation
of the interaction
of
the factors in the energy balance equation {l} as various components of
the ecosystem vary during the active period of plant growth,
It is intended
to evaluate all of the variations
in equation {1} except H by direct measurement on a daily basis for several periods of the year at Curlew Valley,
Utah as follows:
5.6.6.4.1.

When soil

water content

is high:

5.6.6.4.1.1.

When growth begins

5.6.6.4.1.2.

After

5.6.6.4.2.

periods

in the spring.

of rain.

During dry periods.

Net radiation
will be measured with a net radiometer of the Dirmhirn
type.
Soil heat flow will be calculated
from measurements of soil temperature,
bulk density,
and soil water content.
Evapotranspiration
will be measured with an economical lysimeter
and will be substantiated
by soil moisture sampling with a neutron meter
or gamma meter.
Lysimeters will be similar to those described by Hanks and Shawcroft
(1965), but modifications
will be made to allow for a large monolith soil
block to be used rather than disturbing
the soil.
Care will be taken
to minimize soil and site influences
so the lysimeter data will be representative of the surrounding area.
During selected periods, several days of hourly data will be collecteG
to evaluate the use of t~e modified Bowen ratio equation for estimating
LE.

{2}

LE.., Rn - G
6T

1 +yt.e

where y is the psychrometrt'c
/le

is

vapoi:

presm1r~

ert1di

P.nt.

conntcant",

AT

i.,-

t.empe-rat:ure

grani.ent-

nn<l
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Madison, Wisconsin.
Hanks, R, J., H. R. Gardner, and R. L. Florian.
1968.
climate relations
for several crops in the Central
Agron. J. 60:538-542.

Evapotranspiration
Great Plains.·

Hanks, R. J., H. R. Gardner, and R, L. Florian.
1969. Plant growth evapotranspiration
relations
for several crops in the Central Great
Plains.
Agron. J. 61:30-34.
1965. An economical
Hanks, R. J., and R. W. Shawcroft.
Agron. J. 57:634-636.
evapotranspiration
studies.

lysimeter

for

Qayyum, M.A., and W. D. Kemper. 1962. Salt concentration
gradients
in soils and their effects on moisture movement and evaporation.
Soil Sci.
93:333-342.
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........;

Total Budget:
$14, 283.
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5.7.-1

Aquatic Studies

Proposals for process studies of aquatics were developed as a result
of invitations
issued in January 1970 (See Appendix 7.1.).
Two aquatic
scientists,
not involved in the Desert Biome program, had agreed to serve
on a review panel for these proposals,
and the documents received were
submitted to them for comment and appraisal.
The program owes a considerable
debt to these reviewers,
and they are:
Dr. Allen W. Knight,
Dr. James W. LaVelle,

University

of California,

Davis

Southern Colorado State

College,

Pueblo

The aquatic process studies incorporated
in this proposal for 1971
are listed below, and details of each will be found in the Section indicated
General
Standing
Springs,

. . . . . . . . . . . . . . . . 5.7.1.

...

Crop and Productivity
of Marsh Vegetation
California
....................•••

at Saratoga
5.7.2,

Dynamics and Productivity
of Aquatic Invertebrates
in a
Desert Environment. . . .
. . . . . . . . . . . . . . . . • • 5. 7. 3.
Assimilation,
a tr aria

Metabolism,

. . . . . . . . .

and Growth of Utah Chub, Gila
. . . . . . . . . . . . . . . . . . 5 . 7 . 4.

Respiratory Metabolism and Food Habits of Utah Chub,
Gila atraria.
. . . . . . . . . . . . . . . . . .
Respiratory

Metabolism of Cyprinodon nevadensis

Food Utilization
of Availability,
Season . .........

. .

• .5.7.5.
. •• 5.7.6.

of ~Jnodon
nevadensis as a Function
Age, Sex, Habitat, Temperature, and
.....
.

Energetics and Productivity
of Gammarus in Locomotive
Springs .........
.

. 5.7.7.

..

. 5.7.8.

Rates of Ingestion and Assimilation
i.n .G~!ll!ll~rl.J:S
lacustris,
_Hyd:r;_opsycl)~
~I' .• ,S\n<l ft:n..a
ll_~rona _sp_.. . . . • . . . . . . . . . . . 5. 7. 9.

•
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5.7.2.

Standing
Springs,

Project

Leader:

Where Conducted:

Crop and Productivity
California.
W. Glen Bradley,
Saratoga

Springs,

of Marsh Vegetation

University

at Saratoga

of Nevada at Las Vegas.

California

Abstract:
Studies will be made ·to determine biomass and productivity
of
plankton,
aquatic macrophyte's, ~hd semiaquatic
plants in the. Saratoga
Springs ecosystem,
5.7.2.1.

Objectives

..

Biomass and standing crop estimate~~il~be
made·for
plankton,
aquatic macrophytes (Ceratophyllum
and Ruppia), and semiaquatics
(Distichlis,
Scripus, • Juncus; _.·
Nitrophila ,. and Phragmites).
Data
on net photosynthesis
(aquatics)~ seasonal tiomas·~,:growth
rates,
litter
fall,
and decay will provide a basis for an estimation
of primary
productivity
for the Saratoga Springs ecosystem.
5.7.2.2.
biomass
include

Procedures

Cooperation with the validation
estimates
and suitable
abiotic
data.
the following:

study will provide basic
More detailed
study will

S.7.2.2,1.,
Diurnal oxygen curves will be used as ~he basic
method of determining
primary productivity
of submerged aquatic ~lants.
Changes in biomass are to be determined.in
th~ validation
study.
Rates of
growth and decomposition
of submerged aquatic vegetation
will be estimated
by enclosing
known weight samples in containers
of two kinds.
One container
will permit access to consumer organisms and will. include a debris trap to
hold only debris falling
from the container.
Debris will be collected
as frequently
as necessary,
perhaps daily.
The second container
will be
constructed
to exclude consumer organisms.
Comparisons of changing parameter.
of biomass and litter
or debris will provide data on growth rates,
exter,t
of animal consumption,
and rate of litter
fall.
5.7.2.2.2.
The standing crop of emergent vegetation
is largeJ
and production
and decompos·ition probably approaches a steady state.
Due
to the small size of the marsh, large biomass samples would significantly
alter the marsh and therefore
should be avoided.
Samples for each majDr
species will be measured in detail
and then oven dried to obtain dry wci&ht.
Growth rate graphs will be based on size, and weight measurements will be
developed.
Randomly selected
plants of each species will be measured 2a2t
month to estimate biomass change.
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5.7.2.2.3.
Standing crop appears to be little
altered by the
grazing animals.
In cooperation
with the validation
study, and grazing
effect of both bird (primarily
coot) and insect grazers will be assessed.
For example, insect species found to be important grazers will be kept in
outside cages in the marsh and their food consumption estimated.
Data on
marsh rodent food habits will be available
from the other proposed process
study.
,\

5.7.2.2.4~
The detritus
food chain includes both consumer and
reducer trophic levels and represents
the major energy flow and nutrient
pathway in the marsh ecosystem.
Invertebrate,
bacterical,
and fungal
populations
and their role in consumption, alteration,
and decomposition
of litter
and detritus
is poorly understood.
Decomposition rates for
plant parts under a wide variety of environmental
conditions
will be
estimated
from weight loss of samples exposed to these conditions.
Samples of ~etritus
and litter
subsystems will be taken to the laboratory
and gross 02 consumption rates will be determined for different
environmental
ranges.
5.7.2.2.5.
made on plant species,
nutrient
cycling.

Chemical analysis
using standard procedures will be
litter,
and detritus.
These should provide data on

5.7.2.2.6.
Growth and biomass data for individual
species when
corrected
for consumer loss should provide a basis for a valid primary productivity
estimate for the marsh. ecosystem.
Data on decomposition weight
losses and chemical changes should provide nutrient
cycling data and a
judgment of the ecosystem as a steady state.
5.7.2.3.

Expected Results

The proposed process study would provide a basis for
estimating
primary productivity,
and energy flow and nutrient
cycling
in the desert marsh ecosystem.
This initial
ecosystem pattern could then
be further
refined as needed, especiall.y
at Sl'!condary levels of productivi!Y•
•
5.7.2.4.

Total.Budget
$13,122.
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Dynamics and Productivity
Environment

5.7.3
Desert

·of Aquatic

Invertebrates

in a

Project Leader:
Arden R. ·Gaufin, Department of Biology, University
of Utah, Salt Lake City, Utah:
Other Personnel:
Wilbur Shraer
Graduate Assistant;
Briant Oblad - Graduate Assistant,
University
of Utah, Salt Lake City, Utah.
Where Conducted:

D~ev. Creek,

Locomotive. Springs,

and the laboratory

Abstract:
Determination
of food habits,
growth rates,
mortality
rates,
and metabolic r.ates. (in ..r.elation
to temperatur·e,
dissolved
oxygen,
and current velocity)
wilt be made for several common invertebrates
found in Deep Creek and Locomotive Springs.
5.7.3.1.

Objectives:

T.he main objectives
of the proposed study ,are to._determine
the following characteristics
of the common invertebra,tes
found in
Deep Creek and Locomotive Springs in Northern Utah and Southern
Idaho:
(a) Growth rates for the various size classes
throughout
the life cycle;
(b) Mortality
rates of spec.imens reared under
laboratory
conditions;
(c) Metabolic rates in relation
to temperature,
dissolved
oxygen·, and current velocity.
The organisms to bf. studied
intensively
will: be the following:
Gammarus lacustris
(Crustacea:
Amphipoda), Hydropsyche spp. (Insecta:
Trichoptera),
and Enallagma
spp. (Insecta:
Odonata).
5.7.3.2.

Procedures:

The growth rates of the various species will be determined by
re.aring specimens in. the laboratory
under controlled
conditions.
In
conducting
research
to determine the effects
of variable
temperatures,
dissolved
oxygen, and pH on aquatic insects,
the principal
investigator
has found that higher temperatures.and
a more uniform environment have
greatly
in,creased the rate of development of seyer_al species of mayflies,.
stoneflies,
and caddis flies.
. The tempera_ture and water
velocity
have had considerable
influence
on the oxygen requiremer.ts
of experimental
animals and must be taken into account.
Temperatu:re
controlled
tanks, troughs,. and artificial
streams .are available
at·
the University
of Utah for rearing purposes and for investigating
environmental
requirements.
instar
natural

Specimens will be collected
from the study areas in the early.
stages and initially
re.ared in the laboratory
under as
conditions
as possible.·
Growth measurements will be made

·, ,..'
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at regular intervals
or following molting of the experimental
animals,
The animals to be tested in the laboratory will be
fed various diets and the effect on survival,
growth rates,
and metabolism determined.
The effects
of temperature on the survival,
growth rates,
emergence, and metabolism will be determined by exposure
of the
0
test specimens to a range of temperatures
from s r to 30° C.
Nine stainless
steel tanks measuring 45 cm by 20 cm by 20 cm and
immersed in two refrigerated
water baths will be used for this
work. Each tank is equipped with a heating element for arriving
at the desired temperature.
Water in each tank will be circulated
by a paddle wheel.
An inflow valve and outlet are available
in
each tank so that the system can be used for continuous flow studies.
Oxygen consumption of specimens taken directly
from the
natural environment and those which have been fed various diets
and exposed to various temperatures
in the laboratory will be
measured by a Gilmour electrolytic
respirometer.
The instrument
consists
of two main parts: an electrolysis
unit and a respiratory
flask.
The respirometer
functions by electrolyzing
water.
The
oxygen produced is equivalent
to the amount used by the animal.
Hydrogen is trapped quantitatively
and is equivalent
to twice the
oxygen consumed. A 300 ml Erlenmeyer flask is connected to the
electrolysis
unit by means of a gassing manifold.
A substrate
of
plastic
screen is supported on glass rods one half inch above the
bottom of the flask.
The test specimens will be placed in the flask
in the substrate
under which is located a magne'tic stirring
bar.
Six such units will be used in the work. Temperature in the
flasks can be controlled
by a water bath.
Magnetic stirrers
will be
used for generating
turbulence in the flasks.
This equipment is
currently
being used very successfully
in determining
the respiratory
rates of several species of stoneflies
subjected to environmental
stresses
such as D.D.T.
With smaller specimens a Gilson respirorneter
will be used in
determining respiratory
rates under short term conditions.
The
electrolytic
respirometer
will be used for longer term studies.
The oxygen requirements
of the various species to be tested
will be determined in connection with another project currently
in
progress.
A Mount oxygen degasser and an oxygen ladder will be
used for this phase of the work. With this equipment specimens
can be exposed to oxygen concentrations
of 1 to 9-10 ppm of oxygen
for short or long term periods.
Survival rates and effects on
development will h<> dote:rmi n,;,d by this technique,

5.7.3.-3
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In conducting the respiratory
studies the different
age classes
of the species listed will be tested.
From studies already conducted
with stoneflies,
a distinct
difference
in respiratory
rate has been
found between the sexes and in specimens undergoing molting and emergence.
These differences
will be considered in the work proposed.

5.7.3.3.

Expected

Results:

The studies outlined will result in data as to the rates of growth,
life cycles,
and respiratory
rates of the organisms
listed.
·.1.·heef fee ts of temperature,
oxygen levels,
food, .:ind wa tErH • ra
v:::ilccity on tbese ni,~:~s wiJ.;_ be measured.

5.7.3.4.

Literature

Cited:

Gaufin, Arden R. with A. W.~Knight.
1966. Oxygen consumption
species of stoneflies
(Plecoptera).
J. Insect. Physiol.

of several
12:347-~55.

________
with Loren D. Jensen.
1966. Acute and long-term effects
of organic insecticides
on two species of stonefly naiads.
J. Watc::r
Pol. Control. Fed. 38(8):1273-1286.
___

with
~. W. Knight.
1965. Function of stonefly gills
u_n_d_e_r_r_e_<l_u-ced
dissolvea
oxygenconcentration.
Proc. Utah Acad.
42(2): 186-190.
and A. V. Nebeker and J. Sessions.
1966. The stoneflies
a) of Utah.
Univ. Utah BiQ~er.
XIV (1):1-89.

-------(P 1e copter
___

with A. W. Kninht.
1966. Altitudinal
distribution
s_t_o_n_e_f_l_i_e_s-(Plecoptera)
in a Rocky Mountain drainage system.
J. Kans. Entomol. Soc. 39(4):668-675.

of

with A. V. Nf'beker.
1967. Geographic and seasonal
of the tan1.Lly t:a-pniidae of Wentern North America
(Plecoptera).
J_.__Kans. Entomol. J?g_s. 40(3) :415-421.

-------distribution

with A. W. Knight.
1967. Stream type selection
and
of stonetl1es
\~lecoptera)
in a Colorado River
system.
_.J__'!.......Kans.
Entomol. Soc. 40(3):347-352.

-------associations
drainage
Hales,

D. C. and A. R. Gaufin.
1969. Comparison of Two Types of Stre2m
Insect Drift Nets.
Limnol. and Oceanog. 14(3):459-461.

5.7.3.5.

Total

Budget:

$15,080
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5~?.4.

Assimilation,

Project

Leaders:

Metabolism,

and Growth of Utah Chub, Gila

atraria.

T. C. Bjornn, Associate
Professor,
University
of Idaho
and Assistant
Leader, Idaho Cooperative
Fishery Unit;
R. L. Wallace, Assistant
Professor,
University
of Idaho .
._j

Where Conducted:

Locomotive

Springs

and the laboratory.

Abstract:
Studies will be conducted to determine energy assimilation
tion by Gila atraria
at specified
levels of food consumption,
size, and sex.
5.7.4.1.

and utilizatemperature,

Objectives

To assess energy assimilated
and utilized
growth by Utah chub at specified
levels of energy intake
temperature,
size of fish, and sex.

in metabolism and
(food consumption),

In this study we will estimate metabolism after measuring ingesti9n,
exc.retion. and growth. • •In a companion study conducted at Utah State Unive:r:-sit~
metabolism:will
be measured in a respirometer.
The resulting
estimates
of
metabolism will be compared to determine which rate of metabolism·should
be
used in a model of energy flow.
5.7.4.3.

Procedures

Utah chubs 5-20 cm in length will be collected
from Locomotive
Springs or waters in southern Idaho and transported
to the University
of Idahc
where the experiments will be conducted.
Test facilities
consist of four
water bath tables with separate
temperatur~
and ·light control
in which 96
separate
aquarium containers
can be placed.
Initial·
testing
of maximum food consumption will be conducted at 5,
10, 15 and 259c to determine an upper level of food consumption.
Test fish
will be acclimated
at the test temperatures
for two weeks then provided
measured amounts of Gammarus at four levels near the maxi~um expe~ted food
consumption (100-300
cal/Kcal
chub/day) for 1-2 weeks.
Once the upper,
level of food consumption has been determined,
three lesser levels (inclu~ing
a level below the expected minimum maintenance
level) will be selected
for
use in subsequent experiment~.
Growth of three age groups. (young of year, juveniles,
and adults)
and each sex (adults only) will be assessed at the four food consumption
levels and at 10, 15, 20.and 2s 0 c .. A sample of fish to be used in each
test will be weighed and caioric
value/gram determined using an oxygen-bomb
calorimeter.
Fish will be fed at specified
rates for 3-4 weeks.
Fish will·
be J eft in aqu:-iri R wi tho11t food .-=itthe end of th~ _experiment long en~;ugh. to
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allow the gut to empty. The fish will then be weighed and caloric
value/
gram determined.
Growth will be expressed as calories
of growth per
kilocalorie
of mean biomass per day.
Assimilation
by chubs at specified
temperature
and food consumption
level will be determined by assessing
the caloric
energy loss through
excretion
using the wet combustion method described
by Brocksen, Davis, and
Warren (1968).
Fish will be fed one ration and allowed 36 hours to assimilat£
or pass the ingested material.
Samples of water containing
the excreta and
samples of food will be analyzed using the wet combustion method.
Assimilation
will be equal to ingestion
-t excreta expressed in caloric
values.

5.7.4.3.

Expected

Results

We will assess the growth and percentage of ingested material
assimilated.
Since Growth= Inges ion - excretion
- metabolism, we can
estimate the metabolic~rate
for various temperatures,
food consumption
levels,
sizes of fish and the two sexes of adult fish.
In the process we
can determine relationships
between food consumption and growth rate at
various temperatures,
assimilation
and food consumption at various temperatures,
assimilation
and size of fish, growth rate and size of fish.
All
measurements will be expressed in caloric
terms.

5.7.4.4.

Literature

Cited

Beamish, F. W. H., and·L. M, Dickie.
1967. Metabolism and biological
production
in fish.
p. 215-242 . .!.£ S. B. Gerking (Ed.).
The
biological
basis of freshwater
fish production.
Wiley and Sons,
New York.
Beamish, F. W. H., and P. S. Mookherjii.
1964, Respiration
of fishes
with special emphasis on standard oxygen consumption.
I.
Influence
of weight and temperature
on respiration
of goldfish,
Carrassius
aur~tus
L. Canad. J. Zool. 42: 161-175.
Brocksen, R. W., G. E. Davis, and C. E. Warren,
1968. Competition,
consumption, and production
of sculpins and trout in laboratory
communities.
J.
Wild. Mgt. 32(1): 51-75.

food
stre:%1

Dickson, I. W. 1968. Factors influencing
respiratory
metabolism of rainbcN
trout,
Salmo gairdneri.
Unpubl.
Ph.D. thesis,
Utah State University,
104 p.
Dwyer, W. P. 1969. The influence
of temperature
on scope for activity
of cutthroat
trout, Salmo clarki.
Unpubl. M. S. thesis,
Utah State
University,
33 p.
Fry,

F. E. J.
1957. The aquatic respiration
M. E. Brown (Ed.).
Physiology of fishes,
New York.

of fish, p. 1-63. In
Vol. I. Academic Press,

P-71

5.7.4.-3

Job, S. V. 1955. The oxygen consumption of Salvelinus fontinalis.
Univ. Toronto Biol. Ser. No. 61. Publ. Ontario Fish. Res. Lab. No. 73,
39 p.
Paloheimo, J.E.,
and L. M. Dickie.
1966. Food and growth of fishes.
II.
Effects of food and temperature on the relation between metabolism
and body size.
J. Fish. Res. Bd. Can. 23(6): 869-908.
Warren, C. E., and G. E, Davis,
1967.
bioenergetics,
and growth of fish.
The biological
basis of freshwater
New York.

Laboratory studies on the feeding,
·p. 175-214. In S. B. Gerking (Ed.).
fish production.
Wiley and Sons,

Winberg, G. G,
1956. Rate of metabolism and food requirements of fishes.
Belorussian State University,
Minsk. 251 p. (Fish Res. Bd. Can.
Transl. Ser, 194.)
5.7.4.5.

!otal

Budget
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5.7.5.

Respiratory

Project

Leaders:

Where Conducted:

Metabolism

and Food Habits

of Utah chub, Gila

atraria;

Principal
Investigator:
Robert H, Kramer, Associate
Professor,
Utah State University,
and Leader, Utah
Cooperative
Fishery Unit; Laboratory Technician:
P. K.
Rajagopal,
M.Sc.
Locomotive

Springs

and laboratory.

Abstract:
Studies will be made to determine the effects
of several variables
on
routine and active rat.es of metabolism of ~ §ltraria.
These rates will
be expressed· mathematically
and incorporated
into the model fqr ener_gy
flow in Locomotive Springs.
Food habits of Q, atraria
will also be ,
described.
5.7.5.1.

Objectives

To describe
the effects
of water temperature,
size of fifh,
sex, starvation,
season, and time of day upon standard,
routine and active
rates of metabolism (expressed
as oxygen uptake) for Utah chub.
Respiration
·rates will be expressed as mathematical
functions
of the above variables
to be incorporated
into the model for energy flow in Locomotive Springs.
A supporting
objective
will be to describe
food habits of Utah chub at ,, ••
Locomotive Springs in relation
to size of fish and season.
5.7.5.2.

Justification

Metabolic rates of few fishes have been studied ,in detail.
Furthermore,
much confusion exists
in the fish metabolism literature
regarding the use of ''routine
metabolic
rates",
which essentially
are rates
of oxygen uptake while a fish is enclosed in a box with spontaneous activity
at a low level.
The applicability
of this value as an approximation
t~
respiratory
energy loss in the natural environment is unknown.
Several factors
affect
standard and active metabolic rates.
Among
these are temperature,
size of fish, sex, time of day,· season, dissolvedoxygen concentration,
and period of starvation.
Rarely have previous workers
determined effects
of these variables
over a wide range of values,
and
reliable
functional
relationships
are lacking.
For example, the relations:
~p
between oxygen
consumption and weight of a fish is T = aWg, where T ·=
rate of oxygen cons·umption, W = weight, .§!_is a constant which appears t_o be
a species characteristic
and dependent upon activity,
g is a constant '7hi•:::i1
appears to be a characteristic
of the food supply and ;nviror.mental
conditio:.a
Paloheimo and Dickie '(1966) and Hinberg (1956) concluded that a g value of
0.8 is an adequate value for most species,
but reported values r;nged fro~i
0.67 to 1.00.
For brook trout (Salvelinus
fontinalis),
& varied from 0.75
to 0.94 depending upon the water temperature;
(Job, 1955). Without going
into greater detail,
it is evident that respiratory
metabolism of Utah chi_,J.i
cannot be estimated
from any of the data presently
published,
and thAt th~
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constants
in the above equation must be determined specifically.
Beamish
and Dickie (1967) discussed
the problems of comparing species quite
adequately.
Furthermore,
no studies have been done to compare the use of
twice the standard rate, the routine rate, or some portion of the active
rate with the values for metabolic
losses calculated
from the use of foodgrowth solutions
to the problem on any particular
species.
Any comparisons
must be made on fish of the same species and sizes at the same temperature,
and in similar
laboratory
environments.
Food items consumed by Utah chub in Locomotive Springs are unknown.
For this reason, food habits of chubs of different
sizes and at different
seasons will be described
to provide the proper inputs to the validation
models.
5.7.5.3.

Previous

Work

Techniques to measure the amount of energy used by fish for
activity
and maintenance in the natural world are not available.
Alternative
laboratory
approaches have been to measure oxygen uptake in respirometera
or to employ food-growth techniques
described
by Warren and Davis (1967).
The former laboratory
approach will be used in the present proposed study.
Techniques are available
to determine standard,
or basal, metabolic
rate and active,
or maximum metabolic rate.
The arithmetic
difference
between these two is termed "scope for activity"
(Fry, 1957). Winberg (1956)
reviewed the extensive
respiration
literature
and tentatively
concluded
that a first
approximation
of energy expenditure
for respiration
in the wild
is twice ·the standard metabolic rate.
Under any set of environmental
conditions,
energy expenditure
cannot exceed the active metabolic rate.
5.7.5.4.

Procedures

Utah chubs from 5 to 20 cm total length will be collected
at
J,,.comotive Springs and taken to the Fishery Laboratory at Utah State
University,
where all experiments will be conducted.
Fish will be held
in dechlorinated
city water (spring source) and acclimated
to six
temperatures:
5, 10, 15, 20, 25, and 30°c.
Dissolved-oxygen
concentration
will be maintained at 100% air saturation.
Fish will be fed frozen
Gammarus at slightly
above maintenance ration levels.
After acclimation
(1°C change per day until the experimental
temperature
is reached and at
least 2 weeks at this temperature),
rates of active,
routine,
and standard
metabolism will be determined in apparatus designed after that used in
previous work at the Utah Coop. Fishery Unit,
Single measurements of
metabolic rate will be made on individual
fish which will then be killed,
measured, weighed, and sexed.
One group of Utah chubs will be held at one temperature
in Locomotive
Springs water (from the spring at which the fish were collected).
Respiration
rates_ o'f these fish will be measured and compared to those
made on fish held in the laboratory
water supply,
If respiration
rates
are significantly
different
(5% level),
a correction
factor will be
calculated
and applied to convert all respiration
rates to values
applicable
to Locomotive Springs.
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The active respirometer.
is a· closed "tube-within-a-tube"
system with
enclosed propeller
and D.O. probes.
Fish are .placed in this apparatus
and forced to swim at a velocity
at which the oxygen consumption rate
is maximum. Swimming speeds necessary for each size of fish will be
determined in preliminary
experiments.
The standard respirometer
utilizes
a heat-loss
type of flowmeter and
was patterned
after that used by Beamish and Mookherjii (1964) where
spontaneous activity
is equated to time of heater operation.
Simulta_neous
measurements are made of dissolved
oxygen consumption- and time the
heater is on. The relationship
between these variables
is then extrapolated to zero activity
to provide an estimate of standard metabolic
rate.
Individual
measurements of O.O. uptake will be summed and the
arithmetic
mean will be termed the "routine
rate".
Fish for food-habits
analyses will be collected
at 2-week intervals
with simultaneous
samples of plankton and bottom fauna.
Items will
be identified
to taxonomic categories
consistent
with those used in
the plankton and benthos studies
in Locomotive Springs.
Percentage
composition of each food item (expressed as number, biomass, and
calories)
will be related
to size of fish and time of year.
5.7.5.5.

Literature

Cited

Beamish, F. W. H., and L. M. Dickie.
1967. Metabolism and biological
production in fish.
p. 215-242.
~ S. B. Gerking
(Ed,).
The
biological
basis of freshwater
fish production.
Wiley and Sons,
New York.
Beamish, F. W. H., and P. S. Mookherjii.
1964. Respiration
of
fishes with special emphasis on standard oxygen consumption.
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5.7.6.-1

5.7.6.

Respiratory

Project

Leader:

Where Conducted:

Metabolism

of Cyprinodon

Raymond Hock, University
Saratoga

Springs

nevadensis
of Nevada at Las Vegas

and the laboratory

Abstract:
Respiratory
metabolism of Cyprinodon nevadensis will be studied in
relation
to water temperature
and other environmental
variables
in the
field.
Similar studies will be made in the laboratory
over a range of
water temperatures
and oxygen concentrations.
Influence
of sex, size, and
age on respiratory
metabolism~ill
also be assessed in the labor~ta1y.
5.7.6.1.

Obiectives

The respiratory
metabolism of Cyprinodon nevadensis
in
Saratoga Springs can be expected to vary seasonally
and climatically
as
a function of variations
in ambient temperature,
oxygen concentration,
chemical composition of the water, photo-period,
and other factors
of the
environment.
In addition,
the seasonal and diurnal cycles of the fishes
themselves,
such as reproduction,
daily activity,
and so forth must be
reflected
as metabolic periodicities.
Seasonal changes in temperature
tolerance
as well as diet changes must be accounted for in terms of food
• availability
and utilization
and as a function of water temperature
fluctuation,
and will be reflected
in metabolic activity.
5.7.6.2.

Previous

Work

Beamish and Dickie (1967) have summarized the relation
between metabolism and productivity
of fishes (through growth processes),
and Warren and Davis (1967) have reviewed the bioenergetic
relations
of
fishes to feeding and growth.
The modifying factors
of sex and age are probably also involved,
Most notable is the behavioral
thermoregulation
exhibited
by young fishes.
Lowe and Heath (1969) found Cyprinodon macularius
to regulate
to within
2° C. of upper lethal temperature
by preferentially
selecting
high water
temperature
areas.
Such selection
connotes the maintenance of a high
metabolic rate and concomitant high nutrient
(caloric)
requirements.
It
is extremely possible
that the significance
of the selection
of the high
thermal areas by the young is due to the fact that optimum food supply is
in these areas, but this point should be investigated.
Increased metabolic
demands caused by seeking such areas may in part offset the larger food
supply present,
and the reduced oxygen content of the warmer water must
i::omelww
he iuvoJvcd
jn a metabolic
balance.
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5.7.6.3.

Procedure

Ideally,
studies of metabolic rate variations
in relation
to water temperature
and other environmental
variables
should be made
at the location
of the Springs.
In this way, maximum information
can be
obtained on short and long-term cycles, without the possible modi~ying
effects
of transport
back to the laboratory,
housing at one ambient
temperature,
different
food stuffs,
and other factors.
Methodology for such field studies is best accomplished simply.
Such.
a goal is met by placing a known mass and number of Cyprinodon in a glass,·
9ontainer w~th a measured quantity
of Spring water, and covering the top of
the water with mineral oil.
(Alternately,
a closed vessel may be used,
completely filled with water so there is no air space).
The vessel should
be immersed in the Spring or in a water bath for thermal control.
The
water temperature,
oxygen content,
ionic composition,
and other variables
will be recorded.
Oxygen consumption
may then be determined by analyzing
water samples on a periodic
schedule,
using a Van Slyke blood gas analyzer.
In the laboratory., studies of metabolic rate will be made over a wid~
range of water temperatures
and oxygen concentrations.
These will be .made
seasonally,
with essentially
the same methods, although more detailed
and
elegant procedures can be used.
The influence
of sex, size, and age can
also be assessed.
The field results
can then be interpreted
in light of the more
comprehensive laboratory
survey.
Thus, a variable
seasonal response in
the field can be vigorously
analyzed for more complete placement in the
annual metabolic picture.
5.7.6.4,

Expected

Results

When short-term
field studies are fitted
into the picture
developed by the laboratory
procedures,
a definitive
view of fluctuations
in
metabolic requirements
in response to environmental
changes of many kinds
can be made. Seasonal and diurnal cycles will be ·shown as well as influences
of sex, age)and behavior.
A complete picture of the metabolic cycles
can thus be shown, and correlated
with physical and biotic factors
(food
availability
and utilization,
etc.).
5.7.6.5.

Literature
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5.7.7.-1

5.7.7.

Food Utilization
of Cyprinodon nevadensis as a Function of
Availability,
Age, Sex, Habitat,
Temperature and Season.

Project

Leader:

Where Conducted:

James E. Deacon,
Saratoga

University

of Nevada at Las Vegas

Springs

Abstract:
Determinations
of daily diet,
feeding pertodicity,
and rate of
assimilation
of food will be mad~ ·for collecte~
specimens of Cyprinodon
newadensis.
Biomass and rate of growth will also be estimatP.rl for this
species ..
5.7.7.1.

Obiectives

To determine amount and kind of food ingested by Cyprino<lor~
nevadenois •living in the marsh.
To determine rate of assimila~ion
of fooJ
ingested by Q.. nevadensis.
To determine feed~ng periodicities.·
'-

5.1.1.2.

Justification

Extensive
studies
of'food utilization
by.fish
populations
living in the main spring pool have been completed (Leser and Deacon, 1968;
Lease and Aohi, 1969) and show marked seasonal variations,
Knowledge of
diet,
periodicities
of ingestion,and
rates of assimilation
at a constant
temperature
add significantl~
to an understanding
of the food budget of the
main. ;spring population
at Sar,at;:oga Springs.
The availability
of many taxa is
markedli ~ifferent
in 'the mars~'than
it is in the main spring.
Also,
temperature
in the marsh· fiuctuates
considerably.
This establishes
a
natu~al experimental
condition
tha~ ·can be used to adva~tage.
5.7.7.3

.. Procedures

Collections
of fish used fo~ analysis
of reproductive
potentiaJ
can be used for stomach analysis
also.
Four times duriQg the year, at ¼idely
differing
temperature' conditio.ns
and seasons, collections··
of fish will be
made frequ~ntly
during the ~ourse of a 24-hour period.
Stomach contents will
be identified
and stage.of
digestion
noted to permit back calculation
to
the approximate time of ingestion.
Procedures
for back-calculation
to tiroe
of ingestion
will be identical
to those developed by Leser and Deacon, 196~.
Those authors adopted for use with Cyprinodon. the methods described by
Darnell and Meierotto
(i962).
The fish will be held at a constant temnerature corresponding
to the average temperature
of the habitat.
After a pe~1od
of withholding
food,the
fish will be supplied with an abundance of a singl~
kind of food item that is important
in the natural-diet
at that time ot yea.7.
Subsamples from the experimental
population
will be sacrificed
at intervaJ
and stage of digestion
described
for the ingested food items.
Using these
data for reference,
times of ingestion
will be estimated
for stomach contents
of a11 f:i~h-col'lc,-.1-c<l·
01,r.ine
the 2L,.-hour sampUng periods.
These data will

S.7.7.-2
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permit definition
the population.

of both daily

diet

and feeding

periodicities

within

Additional
laboratory
procedures
for refinement
of estimates
on -;_",':e;:;
of digestion
will. involve measurement of the rate of assimilation
of food
using radioactive
tracers,
This technique has proven effective
in measurements already completed on Cyprinodon from the main spring pond (Lease £nd
Aohi, 1969).
The present study proposes to extend those measurements to
include a wide range of temperatures.
Conversion of data on food volume ingested to caloric
equivalents
be accomplished by direct measurement of calories
contained within
individuals
of each species ingested.

will

Using holding facilities
and methods of fecal collection
described
by
Lane and Jackson,
1969, fecal materials
produced by Cyprinodon will be
collected.
The influence
of temperature
on rate of fecal production will
be determined by holding fish at various temperatures.
Feces collected
will be fired in a bomb calorimeter
to determine caloric
content.
These
data, subtracted
from ingestion
as determined by methods described
above
will permit calculation
of assimilation
in a general way. Data from trRcer
experiments will refine the estimates
of assimilation.
Warren and Davis (1967) define components of assimilation
important in
studies
of bioenergetics
of fish.
Consideration
of these components in
defining
the bioenergetics
of Cyprinodon will be possible
through integrating
data developed in studies of respiratory
metabolism with data developed i.n
our studies of food utilization.
A process study of growth is not proposed for this first
year.
However..,
certain
approximations
are possible
using data available
from the validation
study.
Information
on biomass is to be developed primarily
by estimating
the population
size a·nd measuring a large sample of the population.
Biomass will be estimated by using a length-weight
conversion.
Since lengths
will be available
for large numbers collected
monthly, changes in lengthdistribution
can be expected to reflect
changes in age-distribution.
~hese
data can also be manipulated
to arrive at an approximation
of growth rcte.
Relatively
simple procedures can be used to refine this approach to
determine what the growth-rate
is.
For instance,
enclose an experimental
population
in a cage in the marsh and measure increase
in length.
Addition:.11
refinement
to determine factors
influencing
growth rate must await a futur~
process study.
5.7.7.4.

Expected

Results

Data on rates of assimilation
of food at a range of temperatures,
coupled with feeding periodicities,
seasonal diet fluctuations,a~rl
information
on fecal production
rates may permit estimation
of feeding
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and assimilation
rates based on temperature
curves.
Data can probably be
refined
by adding data on influence
of other environmental
factors.
Cuupled
with information
on metabolic rates,
the subject of another process study,
much information
on energy requirements
will be available.
Validation
studies will provide information
on food availability
and other important
environmental
parameters which will permit extensive
interrelationships
to
be elucidated
regarding
food utilization
as functions
of these parameters.
Generalizations
on growth rates derived largely from validation
studies
coupled with data from this study and the process study on respiratory
metabolism will permit preliminary
estimates
of the bioenergetics
of Q.
nevadensis.
5.7.7.5.

Literature
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5.7,8.-1

5.7.8.

Energettcs

Project

Leader:

Where Conducted:

and Productiyity,of

Gammarus in Locomotive

S. Anne Hol~an - Principal
I~vestigator,
Stud~nt - Research Assistant
Locomotive

Sprin,gs

Springs.

Graduate

and laboratory.

Abstrac.t:
_ Garnmarus wilt' be grown from hatching und~r different
food concentra~ions and te~p~ratures.
Numbers and siz~s of,broods will be noted.
At
specific
intervals
samples will be taken.
Individuals
will be measured,
dried,and
weighed, then burned in a bomb calorim~ter.
Caloric _values will
be equated to length_.and dry weight .. Excretion
rates and oxygen consumption
rates will b~ tested on size groups at various t~mperatures
and after
different
food.~ontentrations.
5.7.8.1.

Objectives

T.o establish
for Gammarus sp. itiS growth· rate, oxygen
consumption rate 1 and calorific
values at various temperatures
and food
concentrations.
Numbers and sizes of broods for· sever·a.i age-or sizegroups .will 1:ie fovestigated
to establish
repro<l~ctiv~ rates· for' t.~e total
_pop_u.lation.

Since Gammarus is expe~ted to be an important p~rt of the
biotic community of Locomotive Springs .a.nd other' desert pools and str8ams, thl
details
of metabolic .rat.es, fdod habits, and reproductive
potentials
arc
vital
for a· cotnplete understanding
and modeling of. the. system·' s energet? cs.
Its place as a food source for the fish populatiob
makes it an important
part of the food web.
5.7.8.3.

Procedures

Females carrying broods and paired males and females will
be collected
and held in separate
containers
of filtered
spring water.
The pairs will be used to study number of broods per female and numbers
of young per brood at various temperatures
and food levels.
All young ~vill
be removed to separate
containers
to be used for other experiments.
(Geisler,
1944.)
Broodmates will be used in growth rate, excretion,and
oxygen
consumption rate studies at different
temperatures
and food concentrations.
Freshly collected
Gammarus will provide controls
for these experiments.
Growth will be expressed
in length, dry weight> and calorific
valu0.s f--r
subsamples taken from groups kept under different
conditions.
Calorific
values will be obtained from a Phillipson
oxygen microbomb calorimeter
and
related
to the length-weight
ratio.
With this information
biom~ss esti~a,~s
may be transformed
into energy values.
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For excretion
studies,
Gammarus on different
concentrations
of food
will be rinsed and then placed in jars of filteted
spring water.
Aiter
a specified
time period the animals will be removed and the water filtered
through weighed Millipore
filters.
Filtered
spring water in which no
organisms have been kept will be filtered
as a control.
The difference
in
weight of the former will represent
feacal excretion
for that period.
Calorific
values may also be obtained from the filters.
will

Oxygen consumption rates for Gammarus kept under different
conditions
be determined with the aid of a modified micro-Winkler
technique.
5.7.8.4.

Expected

Results

From information
available
on other freshwater
amphipods
(Pennak, 1953, Freshwater Invertebrates
of the United States)
Grammarus
may be expected ~o reproduce from February through October with numbers
and size of broods dependent on temperature.
However, the desert location
of the springs may cause a difference
with a slack period during the hottest
months and reproduction
continuing
into the winter.
Broods will probably
be affected
directly
by temperature
in its optimum range an~ by food
availability.
The direct relationship
between oxygen consumption rate and
temperature
found to exist in other aquatic invertebrates
will probably hold
true for Gammarus. Developmental rate of pre-adult
instars will probably
be unaffected
by lower food levels,
though small average size may result.
However, in the adult instars
both lower food levels and lower temperatures
will probably decrease growth rate and increase time between moults.
5.7.8.5.

Literature

Penr,ak, R. W. 1953,
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Freshwater

Invertebrates
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F. S. 1944. Postembryonic
Biol. Bull. 86: 6-22.
5.7.8.6.
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Budget

$13-,085•.

of the United States.

development

of Hyalella

ayteca
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5.7.9.

Rates of Ingestion
and Assimilation
Hydropsyche s~., and Enallagma ~-

Project

Leaders:

i~-~~~~~rus

lacustris,

..,

G. Wayne Minshall,

Principal

In~e~tigat6r~

...

;

Where Conducted:

Locomotive
;,

Sprinr,s

:

'

'

and the ..laboratory

.4

I

... :·

Abstract:
The feeding and assimilation
rates of Gammarus la~usXris (amphipoda);
Hydropsyche (caddis fly larva),,and Enallagma (d'ams·e-i fly larv'a) 'will be
studied under varying temperatures,
food types I'· and concentrations
;and with
different
sizes of organisms.
The method will utiliie
14c labeled food.
5.7.9.1.

Objectives

The purpose of this study is to determine rates of ingestion
and assimilation
in three species of aquatic invertebrates
which contribute
significantly
to the flow of energy at one or more of the desert aquatic
sites.
These rates will be measured in relation
to temperature,
food type
and availability,
and size class,
5.7.9.2.

Justification

In order to gain a complete picture of energy flow through
a system it is necessary to know how much food is ingested by a certein
trophic level and the percent of this amount assimilated.
When combined
with similar measurements of respiration
and growth, these values wiE
permit the formulation
of energy budgets for Gammarus lacustri.s,
Hyd:::op.:,v,'hP.,
and Enallagma.
5.7.9.3.

Procedure

Radioactively-tagged
food items such as algae, detritus,
Jr
small animals will be fed to the animals under study and the passage of the
radio-isotope
from the food to the animal and its subsequent loss will be
measured (Sorokin.11968).
In this method, the animals are placed in vesse:::.a
14c-labeled
containing
food and allowed to feed for several hours.
Som~
of the animals are used for determining
the radioactivity
of the consumed
food; the remaining animals are transferred
to the vessel containing
wateL
prepared for estimation
of the losses of the respired
14co2 and the P.onassimilated
food.
The animals are held in this container
until th~ir g,·.t"
are voided of the non-assimilated
remains of labeled
food.
Then the auimals
are removed, washed, and the radioactivity
of their bodies measured,
Tc
the radioactivity
of the feces is also measured, assimilation
can be
readily calculated
as the radioactivity
of the food ingested minus t~e
radioactivity
of the feces.
By also determining
the inverse of the sps~ifi~
radioactivity
(which gives the amount of organic carbon in the food that is
equivalent
to one pulse of its radioactivity)
and the time, ingestion
~r.d
assimilation
rates in mg of carbon will be obtained.
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5.7.9.4.

Expected Results

This study may be expected
in the objectives.
5.7.9.5.

Literature

to yield

the results

Cited

1968. • The use of 14c in the study of nutrition
Sorokin, J. L
Mitl. Int. Ver. Limnol. 16: 1-41.
animals.
5.7.9.6.

set forth

of aquatic

Total Budget:
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6.

Personnel

Many faculty associates
from several institutions
are involved in
this proposal,
and about as many more have indicated
their interest
in
the program and their wish to be included in its future development.
This shows the pool of manpower available
for the work. It also shows
the degree to which the Analysis of Ecosystems concept has captured the
imagination,
and the readiness
of so many investigators
to be involved
in a tightly
structured
cooperative
venture.
In the development of the International
Biological
Program generally,
some emphasis has been laid on training
aspects>for
it has become clear
that the prospective
supply of ecologists
will be marginally adequate
for the program itself,
and clearly
inadequate for the future needs of research
and management in environmental
problems.
Although the Desert Biome program
has no overt training
intentions,
nevertheless
its potential
in this area
uill be considerable.
Almost one hundred graduate students will be givir.g
over half their time to it in the first year.:;of effort,
and many will
be able to use this work as subject matter for dissertations.
A considerable
number of under-graduates
will also be involved.
A training
contribution
will also be made in quite another way.
Some of the faculty associates
included herein are men whose activities
have, to some degree, carried
them from the center of the research mainstrea.r::~
either because of heavy teaching commitments or a dearth of colleagues
with like interests
at their institutions.
These men will be able to
resume earlier
research impetus by being associated
with the large, biome
program and with persons of like interest
in other institutions.
In many
cases, these persons will not have been able to stay abreast of the most
recent developments and trends in ecology.
The very structure
of the
biome program as a whole has its training
implications,
for the participar:ts
will perforce become familiar
with the methods of moaeling and simulation,
the concepts underlying
them, and how their efforts
contribute
to the
overall undertaking.
Intrabiome,
as well as interbiome,
1.ieetings and
conferences
between individuals
working in the same disciplines,
will
be further broadening.
Spreading knowledge of this new approach will
be a valuable contribution
to the development of American ecology.
In the following pnges, information
is given on the personal history
of each investigator
concerned with projects
included
in the present proposal.
For the Biollk? MrecLur
a.no hi.s Deputy, these
:\ata are given in full in Suh-Se0.tion
6.7.. Su::>sccti:m •S,3. includes
• suminarie~ 'for': h.11 other colla~}Oratbrs,
in alphal1etical
order.

and
1

puh]i('At"ions
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6.2.

Director

and Deputy Director

Name:

David W. Goodall

Date of Birth:
Place

of Birth:

_!~ationality:
Sex:

April

4, 1914

Edmonton, England
Australian

Male

Degrees:

A.R.C.Sc.,
B.Sc.
1935,
Imperial College
Technology, University
of London.
DIC.•• Ph.D.,
1941. ll!lperial College
Technology~ University
of London.
D.Sc.,

~1ajor .Research

1~35.

University

of S,cience and

of Science

and

of Melbourne.

InJ;e:test;_~'.. Plant ecology, especially
the application
of
statistical
methods. and computer
simulation.
Numerical taxonomy.
Biostatistics.

t'-ppointments:
1937-3<l.

Beit Memorial Research Fellowship.
Science and Technology.

Imperial

College

of

193~-46.

nesearch Assistant,
and .suhsequently
Scientific
Officer.
Research Institute
of Plant Physiology.
On secondment to
East Malling l'lesearch Station for research on ulan.t nutrition.

1946-48.

1'1ant Physiologist,
Uest African Cacao Research Institute;
Tafo.
~.esearch on growth and assimilation
in the cacao plant.

19118-52.

Senior Lecturer in Botany, University
of Melbourne.
Responsible
for courses in plant physiology for science
,:igriculture
students.
Supervision
of research students.
in plant nutrJt:fon
and in statisticnl
plant ecology.

and
Research

1952-54.

Senior Lecturer (subsequently
Reader), University College of
the Gold Coast (now University of Ghana). Responsible for
courses in plant ecology.
Research in quantitative
~lant ecology,
mainlv in the savannah areas.

1954-56.

Professor of Agricultural
Botany. University of Reading.
In charge of the Department, and responsible
for organizing
all botanical
courses within the Faculty of Agriculture.
Supervision of research students.
Personal research on the
nature and intensity
of plant competition.

1956-61.

Director of the C.S.I.R.0.
Tobacco ~esearch Institute
at
~1areeba, Queensland.
Responsible for organizing a wide range
of research in plant breeding, agronomy, physiology,
and
biochemistry
relevant to the growth of the tobacco industry in
North Queensland.
Personal research in water relations,
plant
nutrition,
and plant breeding.

1961-67.

Senior Principal
Research Scientist,
C.S.I.R.O. Division of
Mathematical Statistics.
Perth? Western Australia.
Duties
as a consultant statistician
to other C.S.I.R.O. units and
University Departments, with personal research in statistical
olant ecology and numerical taxonomy.

1965-67.

Honorary 'R_eader in Botany, University of Western Australia
Lecture courses in plant ecology and biometrics,
and supervision of research students.

196f-f8.

Professor of Biological
Science, University
of California,
Irvine, in the nepartment of Population and Environmental
Biology.
Lecture courses in ecology and numerical taxonomy,
and supervision
of graduate students.

1968-present.
Professor of Systems Ecology,
State University.
Logan, Utah
Scientific

Ecology Center,

Utah

Societies:

American Institute
of Biological
Science
American Society of Range Management
Association of Applied Biologists
British Ecological Society
Classification
Society (Committee Member. North American Branch)
Ecological Society of America
Institute
of Biology (Foundation Fellow)
International
Societv of Biometeorology
International
Society for Plant Geography and Ecology
International
Society for Tropical Ecology (Executive Committee)
Linnean Society of London (Fellow)
Society for Experimental Biology
Statistical
Society of Australia
(Branch PreE"ident, 1964-66)

Other

Responsibilities

'Annual Review of Ecology and ·systematics":
F.ditotfal
since 1968.
•
Desert Biome, US/IBP:
Director
since Hay 1968.
"Vegetatio":
Edito_rial
Board since 1958.

Commit tee

1

•

Personal

I

.

Publications·

, f

'

<

1936.

A note on variation
in growth rate
exp. Res. Sta. Cheshunt 21·8'4-96.

1937

Some preliminary
observations
on the position
of the first
inflorescence
in the tomato plant.
_Rep. exp. Re:s·. Sta. Cheshunt
22:87-92.

1937.

Seasonal
seedling.

and diurnal
R.ep. exp.

n.

1937

(with B.
assimilate
22:82-88.

1938

~urther
observations
first
inflorescence
23:73-7~.

in the

tomato

seedling.

changes in the water content
Res. Sta. Cheshunt 22':,92-96.

Rep.

of the

tomato
,r

Bolas)
A further
investigation
of the movement of
in tomato seed~i'ng_s;
·-Rep. _ex,p. Res. Sta. Cheshunt
on factors
affectin~
the
in the tomato.
Rep. exp.
ftf,

position
of the
Res. Sta. Cheshunt

•

1939

(with B. D. Bolas)
Exp~riments
on the vernalisation
seeds.
Rep. exp. Res. Sta. Cheshunt
24 '.90-96 .•

1940

(with B. D. Bolas)
_Rep.'. exp. P.es. Sta.

1940

(with B. D. Bolas) Vemalisation
of tomatos.
Gdnrs'
108:261-262
(reprinted
in Fruit grower 91 :27):

1941

(with B. D. Bolas) Further
experiments
on the vernalisation
tomato seeds.
Rep. exp. Res. Sta. Cheshunt 26:63--64

1942

(with
Biol.

191,3

(Studies
in the diagnosis
of mineral
deficiency
I. The distrJhut:l.r:.1
of certain
cations
in a~ple foliage
in early autumn.
~~rnol~
2() ~ 136 ·143.

B. D. Bolas)
29: 1--10.

of tomato

The growth rate of the young tomato
Cheshunt
25~50.

The vernalisation

o-f tomato

seed.·

plant.

Chron.

of

Ann. app1:_.

1944 Proportion of leaves to flower
Gdnrs' Chron. 115:39.
1945

trusses

in the tomato plant.

Studies in the diagnosis of mineral deficiency
of the mineral content of scorched and healthy
same apple tree.
J. Pomo1. 21~90-102 .

II. A coreparison
leaves from the

.1.945 Studies in the diagnosis of mineral deficiency III.
The mineral
composition of different
types of leaf on apple trees in early
summer. J. Pomol. 21:103·-107.
1945 The distribution
of weight change in the young tomato plant
Dry weight changes of the various organs.
Ann Bot., Land.
9 •101··139.

I.
N. S.

1946 The distribution
of weight change in the young tomato plant
Changes in dry weight of separated organs, and translocation
rates.
Ann Bot., Lond. N.S. 10·305-338.

II.

1947 Diurnal changes in the area of cacao leaves.
N. S. 11~44Q-451.

.Ann Bot. , Lond.

1947

(with F, G. Gregory) Chemical composition of plants as an index
of their nutritional
status.
Tech. Commun. Bur. Hort. E.
Malling 17, pp. 167.

1948

Studies in the diagnosis of mineral
content of barley plants in relation
Ann. appl Biol. 35·605--623.

deficiency
IV. The mineral
to the potassium deficiency.

1949 A quantitative
study of the early development of the seedling
cacao.
(~~eobroma cacao).
Ann Bot.~_ Lon_~., N.S. 13:1-21.
1949

of

Studies in the diagnosis of miperal d~ficiency V. Manganese
deficiency on wheat.
Ann. appl. Biol. 36'.26-39.

1949 Studies in the diagnosis of mineral deficiency VI. The composition
of weed leaves in relation
to potassium deficiency
in barley .
.Ann. appl. Biol. 36'.352-363.
1949

Virus diseases of cacao in West Africa IV. Effect of virus
infection
on growth and water content of cacao seedlings.
Ann appl. Biol. 36:440-447.

1950 Growth analysis
14 :291···306.
1952

of cacao seedlings.

Ann. Bot. .. Land.

Some considerations
in the use of point quadrats
of vegetation.
Aust. J. sci. Res. B s~l-·41.

N.S.

for the analysis

1952

Quantitative

aspects

of plant

distribution.

Biol.

Rev.

1953

Objective methods for the classification
use of positive
interspecific
correlation.

1953

Objective methods for the classification
of vegetat.i:on
and indicator
value.
Aust. J. Bot. 1 :434-456.

27:194-245.

of vegetation
I. Th~
Aust. J. Bot. l'.39-63.
II.

li'idelity

I·'

1953 • Point quadrat ·methods for the analysis of vegetation.
The treatmer.t
of data for tussock grasses.
Aust. J. Bot. 1 ~457. 461.
1954

Vegetational
!'flSoziol..

classification
and vegetational
Aichinger Festschr.
1:168.-182.

continua

1g54

Factor analysis in plant sociology (Abstract of Paper read to
3rd Intern. Biomet, Conf., Bellagio).
~iometrics
lP:183.

1954

Objective methods. for the classification
of vegetation
III. An
essay in the use of factor analysis.
Aust. J. Bot. 2~304--324~

1954

Minimal area:
a new app·roach.
Ecology:
19-21.

1955

Growth of cacao seedlings as affected
Internat.
Hort. Congr. : 1501· 1510.

1955

(with A. E. Grant Lipp and W. G. Slater)
Nutrient interactions·
and deficiency
diagnosis in the lettuce.
I. Nutrient interaction
and growth.
Aust. J. biol .. Sc:t-_.8:301-329.

1957

(with A. E. Grant Lipp and W. G. Slater)
Nutrient inter.actions
and deficiency
diagnosis in_the lettuce.
II. Effects or' nutrition
on water content.
Aust. J. biol. Sci. 10·57 7 65.

1957

(with W. G. Slater) Nutrient inte~actions.
and deficiency
diagnosis
in the lettuce.
III. Nitrogen content and response to nitrogen.
Aust. J, biol. Sci. 10:253-278.

1958

(with A. E. Grant Lipp) Nutrient interactions
and deficiency
diagnosis in the lettuce.
IV."· Ph9sphorus content and response
phosphorus.
Aust. J. biol. Sci.
11:30-44.

VIII th Intemat.

Angew.

Bot. Congr.

by illumination.

,

XIVth

1958

(with A. E. Grant Lipp) Nutrient interactions
and deficiency
diagnosis in the lettuce.
V; 'Potassium content and response to
potassium.
Aust. J. biol. __Sci.
11:471--484.

1959

The tobacco plant and water.
Sci._ Tobacco_ Cong: 175-206.

',

.

The growing plant.

IInd Internat.

to

20·15-18.

Rhodesian Tobacco

1959

Tobacco growing in Australia.

1000

Quantitative
effects of intraspecific
competition:
with mangolds.
Bull. Res. Counc. Israel.8D:181···194.

1960

The work of the C.S.I.R.O.
:!• Aug. 1960 ·10···12 & 24.

1960

Breeding tobacco resistant
1960~10, 11, & 14.

1960

Research on irrigation.

1960

Fertilizer

1961

Tobacco and nitrogen.
Paper read to Australian
Conference.
March 1961.

1961

Variety

1961

Objective methods for the classification
of vegetation
and minimal area.
Aust. J. Bot. 9:162-196.

1962

(with R. E. Winkworth) A crosswire sighting
quad rat analyses.
Ecology 43 '.342--343.

1962

Bibliography
4:253-322.

trials.

trials.

Tobacco Research
to blue mould.

an experiment
Aust. Tob.

Institute

Aust. Tob. J. Sept.

Aust. Tob. J. Nov. 1960:6 & 8
Aust. Toh. J. Dec. 1960:18 & 20.

Aust. Tob. J. Jan.

of statistical

plant

1963 The continuum and the individualistic
297-316.

1961:8,

sociology.

Tobacco Research

10, 11,

&

17.
IV. Pattern

tube for point
Excerpta

association.

Bot. Sect.

Vegetatio

11:

1963

Pattern analysis and minimal area - some further
J. Ecol. 51:705-710.

1964

A probabilistic

1964

Chi-square ·· some difficulties
with discrete
probabilities.
Paper read to Statistical
Society of Australia,
Nov. 1964.

1965

Computer methods in range management. Paper read to Australian
Arid Zone Res. Conf., Alice Springs, Sept. 1965.

1965

(with E. A. N. Greenwood and Z. V. Titmanis) The measurement of
nitrogen deficiency in grass swar.d·s. Plant and Soil 23:97-116.

similarity

index.

Nature.

comments.

Lond. 203:1098.

B.

1965

(with H. J. l~oodliff
and L. Dougan)
A statistical
approach
Philadelphia
chromosome.
Nature,
Lond.
.207 :504--505.

1965

Plot-less

1966

Numerical taxonomy
J. gen. Microbiol.

1966

Deviant

1966

The nature

196'i

(with H.J.
Woodliff
and P. Onesti)
Med. J. Aust.
1966 (2) :410.

1966

Classification,

1966

Hypo.thesis

1966

(with H. L. Davies and I.
lambing time on gestation

1966

A new similarity

1966

(with W. H. nacArth.ur and J. L. l~heeler)
The relative
unimportance
of certain
soil properties
as determinants
of yield in forage
oats.
Aust. J. exp. Agric. An_:l.!!!.:._J_lusb.
6:_402-408.

196 7

(with R. J. Woodliff
chronic
granulocytic

1967

Quantitative
description
and classification
of vegetation.
Paper.
read in Sy_mposium on Classification
of Australian
Plant Communiti.es
at meeting of Australian
and New Zealand Association
for the
Advancement of Science,
Melbourne,
Jan. :].967.

1967

New methods
Quantitative

1967

The distribution

1Q67

Computer simulation
of changes
J. Ind. bot. Soc. 46:356-362.

1Q67

(with H. T. Clifford)
of the Poaceae.
Aust.

tests

index

of interspecific

association.

of bacteria
42 :25··37.

- a new tool

- some published

for numerical

of the mixed community.

probability,
testing

index

data

taxonomy.

Proc.

ecol.

Nature
Nature

53 '.197-210.

re~examined.
Nature

210:216.

Aust.

1:84-96.

Soc.

The Lovibond

and utility.

in cl 9 ssification.

Ecol:

J.

to the

haemoglobin~meter.

fll;53-54

••

211 :329-330.

N. Southey) Effect
of stocking
rate and
leng~h in sheep.
Nature
211 :998-999 ...

based

on probability.

Biometrics
:·-

22:882-907.

and P. Ones ti)
The G-group chromosome and
leukaemia.
Med. J. Aus_t_. 54(2) :139·-162.

of uattern
analysis.
Ecology at A.A.A.S.
of the

matching

Paper read in Symposium on
Meeting,
Los Angeles,
June 1967.
coefficient.
in vegetation

A numerical
contribution
J. Bot. 15:499-519.

Biometrics
sub_iect

23:61~7-6%.

to grazing.

to the

classi.fic?.tfor:

1968

Identification

by computer.

Bioscience

1968

(with J.P.
Simon) Relationship
in annual species of Medicago.
Part VI. Two dimensional chromatogaaphy of the phenolics and
analysis of the results
by probabilistic
similarity
methods.
Aust. J. Bot.
16:90-100.

1968

Studying the effects of environmental factors on ecosystems.
Paper
read at IBP Deciduous Forests Working Conference, ~atlinb'i:r-g,;, Tern:iies1Se~c~.
July 29, 1968.

1968

Computer simulation of plant herbivore relationship.
Paper read
at IBP Tundra Working Confer~nce, Ustaoset, Norway, September 18,
1968.

1968 Affinity between an individual
Biometrie-Praximetrie
9:52-55.

and a cluster

and computers.

in numerical

Contingency

1968

(with E. Rickman) The exact probability
ties.
Biometrie-Praximetrie
9:155-160.

1969

A procedure for recognition
sets of vegetation
samples.

1969

Simulating the grazing situation.
In "Concepts and Models of
Biomathematics:
Simulation Techniques and Methods."
ed. F. Heinmets
(New York: Marcel Dekker), pp. 211-236.

1969

Use of computer in the grazing
XI Intern. Grassl. Congr.
and correlation.

Extensive grazing systems.
Agricultural
Management."
(in press).
Statistical

Plant
-1··

·,;.:;;

Ecology.

Biometrie-Praximetrie

taxonomy.

1968

Similarity

tables

18:485-488.

9:113-119.

of a rank correlation

of uncommon species combinations
Vegetatio 18:19-35.

management of semi-arid

with
in

lands.

Handbuch der Pflanzensoziologic

(in press).

In "Systems Analysis and
ed. Berry Dent. (John Wiley and Co. Inc.)
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Deputy Biome Director
Name:

Frederic

H. Wagner

Date of Birth·
Place

of Birth·

~ationalitv·
Sex~

September

26, 1~26

Corpus Christi,

Texas

American

1'1ale

!:)egrees:

B.Sc.
~~.SC,

Ph.D.

Major ~esearch

1q4q._ Southern >vtethodist University
of T,Jisconsin
1953. University
University
of Wisconsin
1%1.
Interests:

Animal ecology, especially
demography and
population
regulation
of birds and mammals.
W:f.fd.life management including
population
response
to exploitation
.

....:A.ppointments;
1945,

Refuge Assistant,
Des~rt Game Range, Nevada, U.S. ~ish ?nd
Wildlife
Service including
research assistance'
on studies of
desert bighorn sheep.

1946-48,

Laboratory Instructor
Methodist University.

1949.

'Research Assistant,
nepartment.

1Q5'1-51.

Wildlife
'Management Institute
Fellow.
Research on population
measurement and ecology of Wisconsin mourning doves.

Fl 52-58,

59--61. Research Biologist.
Wisconsin Conservation
Department.
Conducting and supervising
research ort small gamebirds and
mammals. and waterfowl,
primarily
population
measurement and
• ecolop,y.

and Herbarium
Game Research

'R.esearch Assis_tant,
Section,

Wisconsin

Southern

Conservation

J.958, 1%1-present.
Assistant,
J.\ssociate,
and Professor
of Wildlife
Resources,
Utah State University.
Responsible
for courses
in animal ecology and wildlife
management.
Supervision
of
graduate-student
research.
Research on demography, homeostatic
mechanisms, and limiting
factors . in mammal' populations. •
J9/U

p1.eici-:>nt. Associ:i.tc
University.

De~n. CnlJcge

of Natural

Resources.

Utah State

Scientific

Societies~

American Institute
of Biological
Sciences
American Society of ~ammalogists
Cooner Ornithological
Society
Ecological Society of America
Sigma Xi
The Wildlife Society
Utah Academy of Sciences, Arts and Letters
Xi Sigma Pi
Honors:
Recipient of the Wildlife Society 1 s award for "The Outstanding
in Wildlife Ecology and ?Tanagementn _ 196 8.

Publication

Utah Chapter Vice-President
(1965) and National
of the Wildlife Society.

(1969)

Vice--Preeident

President
of the Utah State University
Chapter of the American Association
of University Professors,
1969--70.
Ot_~_:r:._
Respons_!.bilities

'.

Editorial
Board and Consultant,
Wildlife Monographs.
Consultant

The Journal

of Wildlife

to Caesar Kleburg Research Program in Wildlife

Management and
Ecology.

Member of Advisory Committee to the Colorado Onen Space Foundation.
Desert Biome of I.B.P. Analysis of Ecosystems Program'. Chairman of Acting
Steering Committee and member of permanent. Steering Committee from
February, lq68 to February, 1969: Deputy Biome nirector,
Tt'ebruary. 1%9
to present.
J'ersonal

Publications:

1948

The bur clovers

(Medicago) of Texas.

1949

Notes on winter feeding habits
a~~!,_§lboratory 17 (3) :90 -98

Field

and Lab?ratory

of north Texas bobwhites.

16(1):

3-7

Field
---

1951 Preliminary investigations
on mourning dove index and survey methods
in Wisconsin.
Presented 13th Midwest Wildl. Conf .• Minneapolis,.
Dec. 12·14, 1951~ S pp. mimeo.
1952

Preliminary investigations
on mourning dove inde~ and survey
methods in Wisconsin.
l}.S. _Fish _and _Wildlife Service S~cial
Scientific
Report:
Wi~q!ife No. 17:47-52

1953

Amwe overshooting
our pheasant
Bulletin
18(1): 13-15

cocks?

Wisconsin

Con9ervatlon

1953 Are we overshooting
our pheasant cocks?
22(7):11-12
(Reprint of above)

Modern Game Breeding

1953

Wisconsin

Review of Round River,
Bulletin
18(12):30-31

by Aldo Leopold.

Conservation

1953 A check list of .technical
game bulletins
published by the stBte
game departments.
Wildlife Review No. 72:43pp. (with Hickey)
1954

Longer season=more
19(3):14

pheasants.

1954

Wild turkeys
(11): 11-14

1954

Public humting grounds.
19(8)':18-21

1955

Sexing mature Columbiforrnes
(with Miller)

1955

Evaluation
of stocking breeder hen- and immature cock phea~ants
on Wisconsin public humting grounds.
Wisconsin Conservation
Dept.
Game Div. Technical Bulletin
No. 11:58 pp. (with Kabat

in Wisconsin.

Wisconsin

Wisconsin
Wisconsin

Conservation

Conservation

Conservation

by cloacal

Bulletin

19

Bulletin

characters.

Auk 72{3)~279-285

The mourning dove in Wisconsin.
19(8):13-16

1956

Review of pheasants .in North America,
Jour. Wildlife Mgt. 20(4):447-450

edited

1957

Late-summer mortality
in the pheasent
Wildlife Conf. 22:301-315

hen.

l958

Factors
Bulletin

1960

Research needs relating
to pheasant reproduction
in the Midwest.
Presented at 3rd Annual Meeting of Midwest Pheasant Council,
North Platte,
Nebr., April 5-7, 1960: 4pp. mimeo. (ll ith Dustman)

pheasant production.
(with Besadny)

Conservation

et al.)

1956

in Wisconsin
23(12):3-13.

Wisconsin

Bulletin

Bulletin

by Durward L. Allen.
Trans.

North American

Wisconsin

Conservation

0

1961

Remarks of panel moderator/Symposium:
Prospects and problems
in statewide habitat management of small game. Trans. North
American Wildlife
and Natural Resources Conf. 26:267-268

1961

Living together.
pp. 42-55 in:Wildlife,
People and the Land,
edited by Ruth L. Hine. Wisconsin Conservation Dept, Publ.
No. 621:83 pp.

1963

The jackrabbit
in its
24(3):64-65,
78-80

western

habitat.

Utah Fa-rm and

Hor.i8

Sc.i.~n!".c>

•--·----...

1963

An evaluation
of pheasant stocking through the day-old-chick
program in Wisconsin.
Wisconsin Conservation Dept. Technical
Bulletin
No. 28:84 pp. (with Besadny)

1965

Population ecology and management of Wisconsin pheasants.
~onsin_Conservation
Dept. Technical Bulletin No. 34-168 pp.
(with Besadny and Kabat),

1Q66 Population dynamics of black-tailed
jackrabbits
in northern
Utah.
Presented tefore 46th Annual Meeting of the American
Society of Mamrnalogists, Long Beach, California
June 12-16,
1 p. abstract.
project

1966.

1961

Coyote research

at USU. The Utah Woolgrower 4(7):6-7

1967

Review of Social Insect Populations,
by M. W. Brian.
1965.
Academic Press, London and New York. Bulletin
Entomological
Soc. of America 13 (3): 246-24 7 (with Bohart)

1968

The ecosystem concept and wildlife
management.
Jour. Range
Mgt., Abstracts
of Papers of the 2~st Ann. Meeting of the American
Society of Range Mgt., Albuquerque, N. M. Febraary 12-15, 1968:13

10r,s

Indices to overwinter survival
and productivity
for population
regulation
in pheasants.
Jour.
32(1):32-36
(with Stokes)

1969

Ecosystem concepts in fish and game management.
Chapter
VIII pp. 259-307 in The Ecosystem Concept in Natural Resources
Management, edited by C. M. Van Dyne. Academic Press, New York

1970

Influence of coyote predation
on late decline and early increase
of black-tailed
jackrabbit
populations
in Utah, in:Predator
•
Ecology and Management, edited by A. W. Erickson and Forest
Stearns.
Univ. of Minn. Press.
(in press)
(with Stoddart)

1970

Influence of jackrabbit
density on coyote population
changes
!.,:,l-)Predator Ecology and Management, editd by A. W. Erickson and
Forest Stearns.
Univ. of Minn. Press. (in press},
(with Clark)

with implications
Wildlife Mana~ent
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6.3.-1
6.3.

Collaborators

A curriculam vitae for each of the collaborators
included in this
proposal is appended,
They are arranged in alphabetical
order.

Name: Dorald M. Allred
Present

Position:

Born:

Professor of Zoology and Coordinator,
Center
for Environmental Studies, Brigham Young
Un~versity, Provo, Utah

July 11, 1923, Lehi, Utah

Degrees:

A •. B.,
M. A.,

Ph.D.,
Previous

Brigham Young University,
Brigham Young University,
University of Utah, 1954

1950
1951

Career:

1943-1946

U.S. Navy

1954-1956

Chief, Entomology and Arachnology Section,
Research, Dugway, Utah

1956-1963

Assistant Professor,
Young University

Zoology and Entomology, Brigham

1963-1968

Associate Professor,
Young University
•

Zoology and Entomology, Brigham

1963.

Professor,

Relevant

Ecological

Zoology, Brigham Young University

and Recent Publications:

1956

Mites of the genus 13..uw:ii..U&rna.
K~egan, 1949 (Acarina-Haemogamasidae) Jour. Kansas Ent. Soc., 20: 113-132
(with Strandtmann)

1956

Life history of the tick,,Oermacentor Parumapertus
Jonr. Paras it., 42 :516-522 • (with Roscoe)

1957

Seasonal population.fluctuations
of mites in desert wood
rat nests in central Utah~. Ecolo,gy, 38: 82-88 (with
Howell and Beck)
•

195 7

Experimental feeding of the mite. Brevisterna
(Acarina:
Haemogamasidae) Jonr. Parasit.,
(with· Marchette) •

1963

Biotic communities of the Nevada Test Site.
Brighafl} Y0n_Q&
University Sci. Bull., Biol. Ser., 2(3): 1-52 (wtth
Jorgensen)

1964

Arthropod associates
of plants at the Nevada Test Site.
Brigh·cm· Young Univ. Sci. Bull., v(2). 16pp. (with Beck)

1965

Scorpions of the Nevada Test Site.
Brigham Young HQiV.
ScL Bull., VI (4) 15 pp.
(wtth Gertsch)

1966

Mites of Utah Mammals. Brigham Young Univ. Sci.
(1) 123 pp. (with Beck)

in Utc.h.

utahe.J..~is
43! 51-54

Bu].J_., VII

Name:

Robert

Present
Born:

Anderson

Position:
May 10,

Degrees:

Previous

1941.

Assistant
Professor
State University.

B.S.,
California
State
M.S., Purdue;•l966.
Ph.D.,
Purdue,
1968.

of Biology,

College,

1963.

Career:

1963-1965

Teaching

Assistant,

Purdue.

1965-1968

Research
Assistant,
Entomol'ogy.

Purdue,

1968

Instructor,

Department

Relevant

Idaho

and Recent

Purdue,

Department

of

of Entomology.

Publications:

196]

{with Peter J. Mehringer,
~r. and Sherwin F.
Wood) Conenose bug (Triatoma)
annoyance
and
Trypanosoma cruzi
in Griffith
Park in 1960.
Bull.
So. Calif.
'Acad· .. Sci.
60(3):190-192.

1965

(with S. F. Wood) Conenos~ bugs (Triatoma)
visit
unoccupied
boy's
camp in Los Angeles.
J. Med. Entomol.
1(4):347-348.·

1968

(with J. D. Paschke)
The biology
and ecology
of Anaphes flavipes
(Foerster)
(Hymenoptera:
Mymaridae),
an exotic
egg parasite
of the
cereal
leaf beetle,
Ann. Ent. Soc. Amer.
61(1):1-5.

1968

The biology 'of the conenose bug parasite
Pimeliaphilus
plumifer
Newell & Ryckman
(Acarina:Pterygosomidae)
(Hemiptera:Rudeviidae).
J. Med. Entomo'l.
5(4):449-454.
\

1968

Ecological
observations
on three
species
of
Pimeliaphilus
parasites
of Triatominae
in the
United St ates •(:AcaI'i·na ~ Pt e rygosm.0 idae)
(Hemi p t ~ r a,i Red u vii d a e ) •.' • J . • Med . Ent omo 1 .
5(4):459-465.

1969

(J.
B. Paschke)
·· A:ddit·ional
observations
on• the
biology
of Anaphes •flavipes,
with special
reference
to the effects
of temperature
and
superparasitism
on develop~ent.
Ann. Ent.
Soc. Amer.
62(6):1216-1321.

Name:

Donald Ashdown

Present

Position:

Born_: April
pegrees:
Previous
1941
1942-1944
1946-1948
1948-1952
jRelcvant

Professor

of Entomology~ Texas Tech University

11, 1918 at Bountiful,

Utah

B. s., Utah State University,
1942
Ph.D., Cornell University,
1948
Career:
Utah
Entomologist,
Smith Canning Company, Clearfield,
Corn~ll University
•
Research Assistant,
Cornell University
Research Assistant,
of Entomology, Oklahoma .A&MCo~1ege
Associate Professor
and Recent Publications:

L~51 The pine tip moth. Oklal}.9ma A&MColl~~
(With-Mike Afanasiev)
1952

Hazards in the use· of parat:hion for
Economic Entomologv.
45: 82-84.
W. O. Ridgeway, and C. F. Stiles).

1952

Some effects
insecticide
treatment.
(With H.B.

1952

Bulletin

B. 377 p.

1-8.

greenbug cont_rol.
Journal
lWith R. G.,Dahms,

on insect control and plant response of a systemic
aoplied as a spray, a seed treatment and of a soil
J~~rnal Economic Entomology_ 45: 302-307
Cordner)

The persistance

of parathion,

Qlk.ahoma...AM:1
Tech. Bulle.tin.

toxaphene and methoxychlor in soil.
T-42 p. 1-5 (With C. P. Carlo and

V. G. Heller).
1956

Greenbugs and some other pests of small grains.
Te~rns Agricultural
Expe_rimenta_l Station Bulletin
845. p. 1-13 (With N. E. Daniels,
H. L. Chada_.and E. A. Cleveland)

1967

Do our present methods of teaching need streamlining?
of Entomological
Society of America 13:3 p. 214-216.

1q69

Alternate
methods of m0squito control to reduce chemical pollution
of Water for recharge of the ogallala
'formation.
A Completicn
Report.
Wat~r Re~ources Center,_Lubbock,
~exas.
Report No.
WRC-69-4 3S p. (With Charles R. Ward, John C. Owens and Ellis
w-:-iiuJ<iTeston).
·"

1069

First,
second and third annual reports and completion report
on the ''Multipurpose
Modification
of Playa Sinks"
Project
WP-29. Water Supply and Pollution
Control.
National Institutes
of Health, Section on Biology.
(With Charles R. Ward, Ellis
W. Huddleston,
Charles E. Forehand, and Darrell W. Morris)

Bulletin
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Name: Fred H.F.
Present

Position:

~:

Au
Research Soil Scientist,
United States
Service, Las Vegas, Nevada

1932 in Honolulu,

Degrees:

Public

Health

Hawaii

B. A., Michigan State University,
1954
M.A., Michigan State University,
1958
Ph.D., Oregon State University,
1968

Previous

Career:

1968-----

u.

S. Public Health

Service,

Las Vegas

Relevan.t ,an.d•Recent Publications:
1967 Ammonifying, nitrifying,
desert soils.
Progress
on desert microorganism
1968

and sulfur oxidizing capacity of Chile
Report, Jet Propulsion Laboratory Contract
study.
(With W. B. Bollen)

The effect of endothal and certain
microbial activity
in six different
State University.

other selective
soils.
Ph.D.

herbicides
on
Thesis, Oregon

Nam~:

Donald

H. Baepl2r

Presen_t __
RO_$it;i,.on:

·r.,""'ident
for Academic
1.::1s Vegas, L<-- u~ll,a.s. Nevona.

Vice

Aff:ii-r:<>,

lTn;i,·':'rs-ity

o~

Nevacla,

I •

Born:

July

Canada.

B. A.,
M. S.,

Carleton
Colle~e,
i954.
.
Comparative
Dominance Behavior in Fringi1lids,
University
of Oklahqma,' 1956.
Ph.D. ,Analysis
of Temperate Zone Birds in Huehuet@n~ngo. r.:u:1temal;i,
University
of Oklahoma, 1960.

Degrees:

Previous

15, 1932 in Alberta,

Career:

1960-1963

Assistant

1963~:966

Chairipan
Professor

1966-:967

Assist~nt,,

196f-

Vice-President
for Academic Affairs,
Las,Vegas,
Las Vegas, Nevada.

~eJev~nt_and_Recent

196Z

.Professor
.
1

Department
of Biology,

_of, Biology,

Central

Washington

State

of Biology (14 me~bers) and Assopiatc
Central· Washin~_Eon .S,Ea~te Coll~ge

_t;:o the President,

Centrl\11 Wash~gt':n
University

St~te

Colleg0

of Nevada,

Publications:

The A,vifauna of the Saloma Rj:?gion in Ht,iehu€tenango,
Guatemala.
Condor.
Volume-64;pp.
14.0-153 (1%2)'.
•
The Life
Museum:

College.

His,tory of the ,Lar,k Sp.arrow.
United
Life· History
of North American ~irds,

States
National
pp. 886-902.

~:

Harry P. Bailey

Present Position:
Professor of Georgraphy,
Riverside,
California,
since 1963
~:

February

Degrees:

A. A.

12, 1913 at Kellerton,

Previous
1942-1946

Los Angeles City College,
of California,
University of California,
University of California,

1952-1963
Relevant

1936
Los Angeles,. 1939
Los Angeles, 1942
tos Angeles, 1950

Career:
Climatologist,

195(!)-1951 Associate
1951-1952

of California,

Iowa

B. A. University
M.A.
Ph.D.

University

Air Weather Service

Professor,

Los Angeles State College

Assistant Research Geographer,
Los Angeles
Associate

Professor,

University

University

of California,

of California,

Los Angeles

and Recent Publications:
climate.

1964 Toward a unified concept of the temperate
Review, LIV: 516-543
1966 The climate of Southern California,
Press, 87 pp., 1966

Berkeley,

Geographical

University

of Calif.

1966 The mean annual range and standard deviation as measures of
dispersion
of temperature around the annual mean. Geografiska
Annaler 48 (4): 183-194
1968 Cretaceous dinosaur
'(,.-,ith Axeirod)

extinction,

Evolution

22 (3):

595-611

1968 Hourly temperature and annual range,
Yearbook of the Association
of Pacific Coast Geographers, Vol. 30, 1968, pp. 25-40 (Corvallis,
Oregon State University Press).
1969 Paleotemperature
Paleoclimatology.

analysis of tertiary
floras,
Paleoecology 6: 163-195

Paleogeographv,

Name: Russell

P. Balda

Present Position:
Assistant
Professor
University,
Flagstaff,
Arizona

of Biology,

Northern

Arizona

Born: June 14, 1939 at Oshkosh, Wisconsin
Degrees:

Relevant

B. S., Wisconsin State University,
1961
M. S., University
of Illinois,
1963 •
Ph.D., University
of Illinois,
1967
and Recent Publications:

1965

Loggerhead shrike

kills

mourning dove.

Condor

67: 359

1966

Breeding-bird
Audubon Field

1968

Nest protection
by the.brown-headed
Auk 82: 324-325 (with Carothers)

1968

Recent data .on the summer birds of the Chiricahua Mouptain
area, southeas.tern ArizoQa. 1'rans. San Diego Soc.
Nat. H.~~1
15: 41-50.
(with Ligon)
•

1969

Foliage use by bir.ds of the oak-juniper
woodland and ponder.ona
pine forest in southeastern
Arizona.
g_ondor 71: 399-412

1970

Abnormal bill of a western-· neadowlark,
Auk 87: 173-174 (with Carothers)

1970

Effects of spring leaf-f~ll
on composition and density of
breeding birds in two woodlands in southeastern
Arizcna.
C9ndor
(in Pre~s)

1970

White-crowned Sparrow (Zonotrichia
leucophrys)
Arizona.
Auk (in ,press)
(with Weisenberger

census of a deciduous forest and forest
Notes 20: ~3.3 (wit~ Barnet~)

.

•

cowbird

edge.

(Molothrus_ater)

Sturnella

n_. ne.glecta

.

breeding in
and Strasus::;)

Name:

David F. Balph

Present
Born:

Position:

Associate Professor of Wildlife
Utah State University

Resources,

1931, Kashmi.r, India

Degrees:

B. A., Hiram College, Ohio, 1955
M. s., Utah State University,
1961
Ph.D., Utah State University,
1964

Previous

Career:

1964

Utah State University,

1965

Associate
Teachers

Relevant

Director

Assistant

Professor

of the NSF Summer Institute

for College

and Recent Publications:

1961

Underground concealment
Mammal 42: 423-424

as a method of predation.

1963

On the ethology of a population of Uinta ground squirrels
Amer. Midland Nat.
69: 106-126
(with Stokes)

1965

The relation
of animal behavior to wildlife
management.
Trans. N• Amer. W~ldl. Conf. 13: 401-410 (with Stokes)

1966

Sound communication of Unita ground squirrels.
47: 440-450
(with D. M. Balph)

1968

Behavioral responses of unconfined Uinta g~ound squirrels
to trapping.
J. Wild 1. Mgmt. 32: 778- 794

1969

Badgers plug burrows to confine
636 (with Knopf)

1970

Age~cie&er~ination of Uinta ground squirrels
by teeth ammnli.
Southwestern Naturalist
(in press) (with Montgomery and
D, M. Balph)

prey.

J.

J Mammal.

J. Mammal. 50: 635-

Name:

Samuel A. Bamberg

Present

Position:

Born:

January

Resear.ch·.Associate,
Desert
Syste~, Reno, Nevada.
4, 1932, at.Knox.ville,

Degrees:

B. ~t·
M.A.
Ph.D.

Previous

Career~

1957-1961
1958-1961
1961-1964
1964-1965
1965-1966
1966Relevant,

University
University
University

Rese~r'Ch Institute

Tennessee

of Tennessee,
1955 .
of Colorado~ 1961'
of California,
1964

Teaching and Re~earcQ Assistaµt,
Univers~ty of Colorado
Field Research Assistant,
University
of I-iontana
Teaching Research Assistant,
University
of California,
Davis
NSF Postdoctoral
Fellowship to Innsb,ruck, Austi:ia
Postgraduate
Research B.o.taµ~.~t, Uq~ve.rs.ity o_f CaliforniR,
Davis
• Research A~socia_te, ;;>esert. Reseaccll Institute,,,:,University
of Nevada
and Recent Publications:

.

.

1963

Some Cordilleran
of California.

plant species· new for the Sierra Nevada
Madrono· 17(4):93-109
(with Major)

1964

Ecology of the vegetation
and soils associated
with
calcareous
parent material
in the alpine region of Montana.
Ph.D. Thesis, University
of California,
pp. 90

1967

Influence of daylength on the photosynthetic
capacity of
stone pine.
Ecology 48(2):264-269.
(with Schwarz and
Tranqui llini)

1968

A comparison of some North American and Eurasian alpine
ecosystems.
Arctic & Alpine Environments.
University
of
Indiana Press.
Chapter 5 (with Major)

1968

Some Cordilleran
plant species disjunct
in the Sierra Nevada
and their bearing on Pleistocene
ecological
conditions.
Arctic & Alpine Environments.
University
of Indiana Press.
Chapter 9 (with Major)

1968

New records of disjunct
Arctic-Alpine
Rhodora 70:103-112.
(with Pemble)

1968

Ecology of the vegetations
and soils associated
with calcareous parent materials
in three alpine regions of Montana.
Ecological
Monographs 38(2):127-167.

plants

in Montana.

Name: Gary C. Bateman
Present

Position:

Assistant Professor of Biology,
University,
Flagstaff,
Arizona

!!£!.!l: March 12, 1939,
Degrees:

B. S.,
Ph.D.,

Previous

Career:

Long Beach, California

California
University

State College, Long Beach, Calif.,
of Arizona, Tucson, Arizona, 1967

1963-1966

Teaching Assistant,

1964

(summer) MammalCollector
of Arizona

1966

(summer)

Relevant~

Northern Arizona

Lecture.in

University

1963

of Arizona

(in Mexico) for the University

Zoology, University

of Arizona

Recent Publications:

1967

Abnormal coloration
J. Mamm., 48:493

1970

Functional
(in press)

in the pocket mouse, Perognathus

morphology of mormoopid bats.
(with Vaughan)

baileyi,

J.Mamm., V.51

··---~

Name:

.. Gordon

Present

L.

Sender

Position:
·,'
August

Born:

• r·

-

Professor
Univers;i

of Zoology,
Arizona
..ty,· S1ince, 1953'.
(

,s,

1918

at-Chi·ppewa

p·a.ils,,

Wisconsin.

B . S . , I ow a St ate Co 11 e g e , 194 0 . .. .. _. _
M.S.,
University
of Wisconsin,
1941.
Ph;•D.; .Univers-ity:.of
l'.llinois,
1950.

Degrees:

Previous
1945-1949

.-

Assistant
~esleyan

Professor
UniveTsity~

- ' ~1949-1950
Instru'c'tor
1950-1953

=Professor

1963-19.6

8 ,. ·eonsul
-

,

-

t ant
<

l

for

-

•
j

I'

\. ·:

Bemidji

State

-·
·Arizona;

Nati ona.1
.._

•

of 'Illinois.

Bio'logy·,

Di;ector
leave).

1

I•,.

Illinois

Utiivet·sity

·of· Zoolog'y,
P~ogr;m
(on

• ,. I

Biology,

Pro·fessor,ofCollege.

·A:--;;~i·a-~eFoundation.

1962-1963

of

.)
Botany-I,

'in

AssociateTeachers

19~-3•Presenf,

.....

.• ;· ... c

Career:
:

, fl

State

University.

Nation'al

Science

s·c·i-en,ce -Founa'a.'.t ion.

-.• I

for·

St'ate

• !'J

.L

>•

•

• l r:; 'T: I,.•

J

'

!. ~-·

..:-:

...

s.

__

.

:_.i.._7,l"')
--..~-'

~:

T. C. Bjornn

Present Position:
Assistant Leader & Associate
Cooperative Fishery Unit, University of Idaho
De~rees:

B. S. Utah State
M. S. University
Ph.D. Utah State

irofessor,

University,
Logan, Utah
of Idaho, Moscow, Idaho
University,
Logan, Utah

Idaho

1956
1957
1966

Previ.ous Career:
1958-1963
1963-1966

Regional Fishery Biologist - Idaho Fish and.Game_Dept.
Fishery Research Supervisor - Idaho Fish and Gcrr.~Dept.

Relevant filll! Recent Publications:

1955 A survey of the fishery resources of Priest and Upper Priest ~ak~b
and their tributaries,
Completion Rept., Proj. F•24-R. Ida. ~'if::1
and Game Dept., multilith,
176 pp. 1957
1959 Williams Lake fishery
mimeograph, 8 pp.
1961 Harvest, age, structure,
Priest and Upper Priest
No, 1, pp. 27-31 .•
1964

investigations.

Ida. Fish & Game Dept,

and growth of game fish populations :::.c,:m
Lakes. Trans. Amer. Fish Soc., Vol. 90

of planted and wild trout
in an Idaho t.iver system,
Trans. Amer. Fish. Soc., Vol. 93, No. 1 pp. 70-76 (with Mallet)

Movements

1966 The production of juvenile
in the Lemhi River, Idaho.
University,
185 pp.

rainbow-steelhead
trout (Salmo gai.i;.~'lW-)
Ph.D, Dissertation,
Utah State

1968 The migration £Ind survival of Redfish Lake, Idaho sockeye solmor.
(Oncorhynchus nerka).
Trans. Amer. Fish. Soc. (with Cradd0c 1~ and
Corley).

Name:

Charles

Present

D. Bonham

Position:

Born:

Associate Professor,
Department of Watershed
Management, University
of Arizona, Since June,

February·4,

Degrees:

B. S.
M. S.

Ph.D.
Previous

1937, at Cleburne,

Texas

Abilene Christian
College,
1959
Utah St.ate University,
1965
Colorado State Univeisi ty,
1966

Career:

1960-1961

Graduate

1962-1964

Range Research Conse,:-vationist,
Agricultural'Experiment
Station

1964-1966

Graduate

1966-1967'

Quantita.tfve
·Plan't E~ologist',
La~oratory of Cornell'University

Research

Assistant,

1966-1967

Utah State

Rese~rch As~istant,

r ,.

Relevant

1967

.

Instructor
in Statictics,
York at Buffalo

Coforad'o State

Colorado

State

Cornell

•

Univ.

University

Aeronautical

- •

•

.

State

Univers1ty.

University

of New

and Recent Publications:

1965

Rabbitbr.ush competition
and control on Utah rangelands.
Agr. Exp, Sta. Utah State University.•
Buil. 454
(with Cook and Leohacd)

1966

Direct processing-of
19.:_143-144
(with

1966

Computerized collection
and assessment of ecological
data.
,
American Assoc. f0r Advancement of 'Sci. '::Jee. 1966 (,lith Rem:nengs.)

1967

Forest

1967

A summary of matheniatlcal
tree

field data.
Shannon)

canopy qua~tification.
parameters.

Jour,

Range Mgm't:

CAL JEEP memo. No 75t 24pp~

models used to describe
CAL JEEP memo 44,6pp.

various

1967

Automated acquisition
and evaluation
of ecological
data.
With International
Biometrics Conference,
Sydney, Australia,
August, 1967.
(Abstracts
processed)
(uith Remmenga)

1969

Modification
of temperature by four types of insect
Jour. Econ. ¥:..1:.tomol
.. 62: 1019-1023
(Wit.h Fye)

1969

Estimating
temperatures
and heat flux in insect e!lvironments
in stubbed cotton fields in the winter
Jour. Ec6n. Ec1tomc.l.
62: 823-829.
(with Fye)

1969

Distribution
of insect
plots in cottonfields.
Pub) .. No. 1140. 32 pp. (with Kuehl and Fye)

cages.

l[SDA_Misc ...

li_~:

W. Gten Bradley

Present

Professor
Sciences,

Positio~:

Degrees:

B. b•
M. j.
Ph.).

of Biology,
University

Department

of Biological
since

of Nevada, Las Vegas,

1969.

Humboldt State College, 1956
San Francisco State College, 1958
University
of Arizona, 1965

l'revi_ous C~ffil!
1956
9:lasonal Ranger Naturalist,
National Park Services
1958.
Jature Director~ San Francisco Boys Clubs
1958-1962 lnstructor
of Biology, University
of Nevada, Las Vegas
1963-1966 Assistant
Professor of Biology, University
of Nevada
1965-1966 Coordinator for Biology, University
of Nevada
1966-196€ Associate Professor of Biology and Chairman, Depa~tment
of Biological
Sciences, University
of Nevada
Associate Professor of Biology, on sabbatical
RelevaI!t and Receni Publications:
1964

The vegetation
to the desert

of the Desert
bighorn sheep.

Game Range with special reference
Trans. Desert Bighorn Council:43-67.

1965 • study of the blackbrush plant community of the Desert Game
;ange: I. Trans. Desert Bigh~~n Council:56-61.
1966 Populations of two Sonoran Desert plants, and deductions as to
factors limiting their northward distribution.
Southwest
Fat. 11 :395-401

196i A geographic analysis of the flora of Clark County, Nevada.
:. Ariz. Acad. Science 4(3):151-162
1'67

The biotic communities of southern Nevada. Nevada State Museum
Anthropological
Papers No. 13, Part 4:201-295
(With J, E. Deacon)

1970 The vesetation of Saratoga Springs, Death Valley National
Monument, California.
Southwest. Nat. 15 (in press)

Name:

Kent W. Bridges

Present

Position:

Born:

Asst. Prof., Wildlife Resources, Utah State
University,
Logan, Utah, Chief Modeler,
IBP Desert Biome

August 25, 1941, Milwaukee, Wisconsin

Degrees:

B. A. ,

University
University
University

M. S.,

Ph.D.,
Previous

of Hawaii, 1964~
of Hawaii, 1,967.
of California,
Irvine,

Calif.

1970

Career:

1964

(summer) Research Assistant,
General Science Dept.
University
of Hawaii, Honolulu, Hawaii

1964-1966

Teaching Assistant,
General ScienGe Department,
University of Hawaii, Honolulu, Hawaii

1966

(summer) Science
Hilo, Hawaii

.1967-1968
1968-1970
Relevant~

Instructor,

Peace Corps Training

C2nter,

Research Assistant,
Department of Population and Envi~
romental Biology, University
of California,
Irvine, Calif.
NIH Trainee, Department of Population and Enviromental
Biology, University
of California,
Irvine, California
Recent ~lications:

1965

A method of measuring swimming speed in oxygen ..c-,nsurnption
studies on the aholehole Kuhlia sandvicensis.:-Trans.
Amer.
Fish. Soc. 94(4) 378-382 (with Muir and Nelson)

1968

./.n automated

biological
identif ication,~key .. _Ml,!seum
o_f
Systematic Biology. University
of California,
·-Irvine
B.~.§..earchSeries Ns,...!....1..(with Baughey, and Ikeda)

1969

High 1,,cidence of daformities
in the··serranid
fish,
~ nebulifer,
from Southern California.
•-......,___
,,,
637-638

1970

Automatic "indexing of p-?rsonal bibliographies.
Science
20(2): 94-97

J 970

The

q11ant:i

University

tative

d escripti.on

of Cali.focn:f.a.

of· 1'-"a.f shape.

Irvine.

Para]§...::.

_!tioPh.D.

Thesis,

~:

Allen D. Bruner

Present
Bor~l

Position:

Junior Range Ecologist,
Reno, Nevada January,

Univerr.ity
1969

of Nevada,

June 28, 1930

Degrees:

B. S.,
M. S.,

Previous

California
University

State Polytechnic College,
of Nevada, Reno 1967

Pomona 1961

Career:

1961-1963

Graduate Research Assistant,

1964-1966

Agricultural

1966-1969

Self-Employed

1969present

Junior

Univ. of Nevada, Reno

Research Technician,

Range Ecologist,

ARS, USDA, Reno

Univ. of Nevada, Reno

Relevant ·.and Recent Publications:
1963

Halogeton - Concern to cattlemen.
Vol. 16 (6) (with Robertson)

Journal

Range Management

1963

Attempts to replace shadscale with forage plants.
Proceedings Range Weed Research Meeting, 1963 (with Brown and
Robertson)

Name: Merlyn A. Brusven
Present

Position:

Assistant

Professor

of Entomology, University

of Ideho.

Born:
Degrees:

Ph.D.

Pr~vious

Career:

·1961-1963
1965present

Kansas State

Instructor

University,

at Friends

University,

1965.

Wichita,

Department of Entomology, University

Kansas.

of Idaho.·

Relevant

and Recent Publications:

1960

The use of epldermal characteristics
for the identification
of
plants recovered in fragmentary condition from the crops of g:i:-.-~sshoppers.
N. Dak. Agr. Exp. Sta. Res. Rep. 3, 11 pp. (With Mulkern \

1962

Biology and ecology of North Dakota grasshoppers I. Food habits
and preferences of grasshoppers associated with alfalfa
fields.
N. Dak. Agr. Exp. Sta. Res. Rep. 7, 26 pp. (With Mulkern and
Anderson)

1964

Biology and ecology of North Dakota grasshoppers II.
Food habits
and preference of grasshoppers associated with the sand hills
prairies.
N. Dak. Agr. Exp. Sta. Res. Rep. 11, 59 pp. (With
Mulkern and Toczels)

1967

Differentiation,
ecology and distribution
of immature slant-faced
grasshoppers (Acridinae) in Kansas. Kan Agr. Exp. Sta. Tech.
Bull. 149, .59 pp.
•

~:

Martyn M. Caldwell

Present

Position:

~-=

Assistant

Professor,

Utah State

University

June 28, 1941 at Denver, Colorado

Degrees:
Previous
1967-1968
1968-1969

Relevant

B. S. Colorado State University,
Ph.D. Duke University,
1967

1963

Career:
Utah State University
National Science Foundation Postdoctoral
Fellow at the
Forstliche
Bundesversuchsanstalt,
AuBenstelle fur subalpine
Waldforschung, Innsbruck, Austria A-6020
and Recent Publications~

1963

Carbon dioxide evolution
Grow. Bull. 166:1•4.

from organic

mulches.

1967

Solar ultraviolet
radiation
and plant processes on the alpine
tundra.
Ph.D. thesis,
Duke University.
Diss. Abstr. No. 68-5214.

1968 Solar ultraviolet
radiation
as an ecological
plants.
Ecol. Monogr. 38:243-268.

Colo. Flow.

factor

for alpine

1969 Photosynthesis
,and transpiration
of several timberline
species
as a function of wind. Proc. XI International
Botanical Congress,
Seattle,
Washington, 1969. (With·w. Tranquillini).
•

1969 The wind regime at the surface of the vegetation
layer above
timberline
in the ,Central Alps. Centrbl. ges. Forstwesen.(in
1970 The effect of wind on stomata! aperature,
photosynthesis,
and transpiration
of Rhododendron ferrugineum L, and Pinus
cembra L. Centrbl. ges. Forstwesen
(in press)

press)

Name:

Roy E. Cameron

Present

Position:

Member of Technical Staff
Cognizant scientist
for ~sert
}Qcroflora Program
Jet Propulsion Laboratory,
California
Institute
of
Technology, Pasadena, California,
since 1961

July 16, 1929, at Denver, Colorad?,

Borr\:
---

Degrees:

B. S., Washington
B. S., Washington
M. S., University
Ph.D., Unive~sity

Previous

State l.Jni'versi ty',' 1953
State University,
1954
of Arizona, 1958
of Arizona 1961

Career:

Analytical
Research Chemist, Hughes Aircraft,
Tucson, Ad zon.1
Graduate student,
University
of Arizona, Tucson, Arizona.
Thesis ·title:'
Fixation of Nftrogen by Algae' ahd J'l_ssociated
Organisms in ·itr.ii-arid :S·oi:ls-: Identification
and
Characte-rization
of Soil Organisms.
of Arizona, Tucson, Arizona,
1958-1961 • Graduate student, University
Dissertation
title:
Algae of the Sonoran Desert in Arizona.

1955-1956
1956-1958

Relevant

and Recent Publications:

1960

Communities of soil a.lgae occurring
in the Sonoran Desert
in Arizona. J. Ariz. Acad. Sci. 1(3):85-88

1960

Nitrogen Fixation by Some Algae in Arizona
Soc. Amer. Proc. 24(5):353-356.

1960

Fixation of Nitrogen in Desert
Cong. Soil Sci. 3:617-624

1962

Species of Nostoc VOJcher Occurring in the Sonoran Desert
Arizona, Trans. Amer. Microsc. Soc. 81(4):379-384.

Soils

Soils.

by Algr.e,

in

Blue-green

1963

Morphology of repr.esentative
Sci.
108:412-120

1963

Soil

1964

Terrestrial
Algae of Southern
Soc .
83(2): 212-218

1966

Properties
of Desert Soils, in.,Pittendrigh
C.S., !:,! al.,
Biology and the_Exploration
of Mars, Chapter 8, pp. 164-186,
National Academy of Sciences Nat. Research Council, Wash., D.C.

1966

Desert Algae:
Soil Crusts and Diaphanous Substrata
Habitats,JPL
Technical Report 32-971, 4lpp.

Organic Matter,

JPL Technical

Algae,

Sci.

7th Intern.

1963 Algae of Southern Arizona.
Part I. Introduction,
Algae.
Rev. Alg. N.S. _ 6(4):282-318
Blue-green

Soil

New York Acad.

Report 32443, 14pp.

Arizona,.

Trans.

Amer. Microsc.

as Al~al

"'T/

E. Cameron

(continued)

..

..

1969

olu.1.r:acterictics
.and problems relevant to other
lands • ..!!!,:McGinnies & Goldman, Arid Lands in Perspe~tiv~.
p. 167-205.
Cold

deed.ct

arid

1970 Ecology of blue-green algae in Antarctic soils.
Symposium on Blue-green Algae. Madras, India.
Abst. p. 3-4.

Antarctic soil algal crusts.
and optical microscope study.

First Internotiocal
Jan. 8-13, 1970.

Scanning electron microscope
Trans. Amer. Micros, Soc. (in press).

Na~:

Lars H. Carpelan

Present Position:
Associate Professor of Biology, Department
Sciences, University
of California,
Riverside,
since 1956
~:

June 9, 1913 at Campbell,

Degrees:

A. B.
Ph.D.

Previous

California

San Jose State College, San Jose, California
1934
Teaching Credential
- University
of California,
Berkeley, California.
1935
Stanford University,
Stanford,
California.
i953

Career:

1938-6-rno, Bureau of Entomology,

USDA, UC Berkeley,

Field

1939-1940

R. & H. Chemical (DuPont) El Monte, Assistant

1941-1947

U.

1947-1948

California
Assistant

1948-1949

GHQ, FEC, Tokyo, Japan .. Entomologist.

1949-1954

Stanford University,
Associate

1954-1956

University

1956-1958

University
Sciences,

1958present

s.

Agent
Entomologist

Army

University
Sciences,

Relevant

of Life

fil!Q_Recent

Spray Chemical Corporation,
Entolomogist•

S'ban~.,

of California,

Richmonds California_,

California,

Los Angeles,

Student and Research
Research

of California,
Riverside,
Department
Assistant
Professor of Zoology
of California,
'Riverside,
Department
Assistant
Professor of Biology;·

Biologist
of Life
of L.ife
•.. •

Publications:

1966

Daily alkalinity
and Limnolo~y.

changes in brackish
1(3): 165-193

desert

pools.

1967

Invertebrates
in relation
to hypersaline
1966. Effects of ciupersaline
conditions
Marine Science- 12: 219-229

1969

Physical characteristics
of southern California
~oastal Lagoons.
International
Symposium on Coastal Lagoons, Mexico, D.F .. (in p,:,:,..ns)

1970

Egg hatching and life history of a fairy shrimp Branchinecta
mackini Dexter (Crustacea:
Anostraca)
in a Mojave Desert Playa
(Rabbit Dry Lake).
Submitted

habitats.
on aquatic

Oceanology
AIBS Sym9osivra
ecosystems.

~:

Robert M. Chew

Present

Position:

~:

Professor of Biology, University of Southern
California,
Los Angeles since 1952

1923 in Wheeling, West Virginia

Degrees:

Previous
1948-1952

B. S., Washington & Jefferson
M. S., University of Illinois,
Ph.D., University of Illinois,

College,
1946
1948

1944

Career:
Assistant

Professor

of Biology,

Sara Lawrence College

Relevant and-Recent Publications:
1959 Estimation of ant colony size by the Lincoln
J. N.Y. Ent. Soc. 1959:157-161

Index method.

1964 Ecology of rodents in Indian Cove, (Mojave Desert), Joshua Tree
National Monument, California.
J. Mammalogy 45:203-225.
(With B. B. Butterworth)
1960

Note on colony size

and activity
J. N.Y. Ent. Soc. 1960, 3p.

1961 Ecology of the spiders of a desert
~69:5-41

in Pogonomyrmex occidentalis.
community.

J.

N.Y. Ent.

1965 The primary productivity
of a desert-shrub(Larrea
tridentata)
community. Ecol. Monogr. 35:355-375.
(With A. E. Chew).
1970 Soil microarthropods.
session on invertebrate

"Proceedings" of Tempe, Arizona planning
studies, Desert Biome, IBP.

1970 Energy relationships
of the mammals of a desert shrub (Larrea
tridentata)
coum11inity.
Ecol. Monogr. L,O. (With A. E. Chew),
(in press)

Name: Ronald L. Church
Present

.

Position:

1930 in Monterey,

~:

Degrees:

B. A.,
M. A.,

Ph.D.,
Previous
1963-1965
...

,,:. ••. ). ~..~ :,. .,,.. .

Research Associate,
Desert.R~$.earch In~t1tute,
University of Nevada S.yste~, Reno, Nevada since

1965

California

San jos~
University
University

Stat,'e'Coll~ge,

1953 . .
Berkeley,
Berkeley,

of California,'
of California,

1961'
1964

Career:
Assisdnt
•_San Jo'se,
---- >

Relevant-and-

__j._!..'..:

Professor of Biology,
Ca1i fornia'
....

~

San Jose' St~te

co;lege,

'

Recent Publications:

1966

Water exchanges of the California
Physiol. Zool. 39:326-340

1967

Captur~ of a hoary "bat, La'siurus' cinereus,
Condor,. 69:426,

1969

Evaporative water loss and gross· effects
of'wat~r privation
kangaroo rat, Dipodornys venustus. J. Mamm
.. 50:514-523

• l

f,,.

vole,

Microtus

californicus.

'·by' a sparri1w hawk.
in the

~:

E, Lendell Cockrum

Present
Born:

Position:

Professor of Biological Sciences,
Arizona, Tucson, Arizona

University

of

May 29, 1920

Degrees:
Previous

B. Ed., Southern Illinois
University,
Ph. o.,, University of Kansas, 1951
Career:

1951-1952
1952-1957

Research Associate, University of Kansas
Assistant Professor,
later Associate Professor,
later
Professor of Zoology, University of Arizona, Tucson, Arizona
Curator of Mammals, University of Arizona, Tucson, Arizona
Director, Desert Biology Station, University of Arizona,
Tucson and Superior, Arizona

1957-1961
1965-1968
Relevant

1942

and Recent Publications:

Publications:

58 notes,

papers and books.

Partial

list

follows:

1961 The ~mmals of Arizona:
Their taxonomy and distribution.
Tucson: University of Arizona Press
1962 Introduction

to Mammalogy. New York: Ronald Press.

viii+

455 pp.

1963 Notes on mammals from Sonora, Mexico. Amer. Mus. Novit.
2138:1-9 (With Gordon v. R. Bradshaw).
1965 Zoology. W. B. Saunders Company.+ 705 pp.
J. McCauley).

(With William

1969 Migration in the guano bat, Tadarida brasiliensis.
Publications
MuseumNatural History, University of Kansas (in press)

Name: Lewis H. Cohen
~lli
Position:
Associate Professor
California,
Riverside,
California
Born:

January

De~ree~:

Previous

2, 1937, Dallas,

of Geology, University

Texas

B.;§. ·Massaqhµsetts
Institute
of Technblogy, 1958
M. S. University
of California,
Berkeley, 1961
Ph.D. University
of California,
San Diego, 1965
Career:

1965-1966

Assistant
Professor of Geophysical
of California,
Berkeley

1966-

Associate

Relevant

Professor,

University

Engineering,

Univeristy

of ·California,

Riversid~

and Recent Publications:

1966 Melting of copper, silver and gold at high pressures.
145: 519 (with Klement, Jr. and Kennedy)
1966

Enthalpy changes as determined from fusion
Amer. J. Sci. 264: 543 (with Adams)

1966 Melting of tin telluride
(with Klement, Jr.)

at high pressures.

1966 Magnesium phosphate mineral replacement
Amer. Min. 51: 1755 (with .Ribbe)

curves

Phys. ·Rev,

in binary

systems

154: 1176

~~g

at Mono Lake, California

1967 Melting and phase relations
in an anhydrous basalt
Amer. J. Sci.
265: 4 75 (w:Lth Ito and Kennedy)
'

of

to 45 kilobars

(

'

t

."'
~:

N. T. Coleman

Present Position:
Associate Dean, College of Biological
and Agricultural
Sciences, and Professor of Soils and Plant Nutrition,
University of
Caaifornia,
Riverside
~:
November 24, 1919
Degrees:

B. A.

Ph.D.
Previous

K~1ox., Galesburg, Ill.,
1940
North Carolina State University,

1949

Career:

1948-1949

Assistant

1949-1950

Postdoctoral

1950-1860

Associate

1960-1961

Head Agricultur~l

1961-1965

Chairman, Department of Soils
of ·California,
Riverside

1967-

Professor of Soils and Plant Nutrition,
Department of Soils
and Plant Nutrition,
University of California,
Riverside

1968-

Associate Dean, College of Biological
University of California,
Riverside

Relevant

Director,

North Carolina

Fellow, University
Professor-Professor,
Section,

Soil Testing

of California,
North Carolina

International

Laboratory
Berkeley
State University

Atomic Energy Agency

and Plant Nutrition,

University

and Agricultural

Sciences,

and Recent Publications:

1959 A chromatographic
soils.
Soil Sci.

approach to the leaching of fertilizer
salts in
Soc. Amer. Proc. 23(2): 113-116 (with Thomas)

1959 Fixation of carbon dioxide by plant roots through phosphoenolpyruvate
carboxylase.
Plant and Soil XI: 1-16 (with Jackson)
1963 Biotite-hydrobiotite-vermiculite
409-410 (with Leroux and Cady)

in soils.

Nature 198 (4878):

1966 Effect of solution composition on soil
hydraulic conductivity.
Soil Sci. Soc. Amer. Proc. 30(3): 308-312 (with McNeal)
1967

Interstratification
in vermiculite
and biotite
sorption.
Soil Sci. Soc. Amer. Proc. 31(3):

produced by K
366-372 (with Rhoads)

1968 The influence of ionic strength and ionpair formation on Na-divalent
• ion exchange equilibria.
Soil Sci. Soc. Am~r. Proc. ·32(5): 639643. (with Pao and Page)

~:

Kenneth W. Cooper

Present Position:
Professor
of Biology, Department
University
of California,
Riverside,
sirtce-1961

fu?m:

November 29, 1912 at Flushing,

Degrees:

A. B.
M. S.

Ph.D.
Previous
1934-1937

of Life Sciences,
·i·.·

New York

Columbia College, New York,
1934
Columbia University,
New York,
1935
Columbia University,
New York! 1938

Career:
Columbia University,

Teaching

Assistant

I

1938-1939

University

1939-1952

Princeton
Pr9fess~r,

1953-1957

University

of Rochester,

1957-1959

University

of Floridi,

19,59-1967

Dar~tmouth Medical

1967present

University
Sciences

Relevant

~-Recent

of Rochester,
University,
Associate

Instructor

Instructor
Protessor.

in Zoology
in Biology,

Proressor
Graduate

of Biology
Research

Sc~oo~~ Professor

of California,

Assistant

Riverside,

and Chairman

Professor

of Cyto~ogy and Genetics
Department

of Life

Publications:

1953

Biology of eunemine waaps. I.
and competition
of Ancistrocerus
· .. Amer. Ent. Soc. 79 :, 13-35

The ecology, predation,
nesting,
antilope
(Panze·r).
Trans.

1954

Egg gigantism,
ovipositiot:,
the, biology and phylogenetic
~irico;g~)
Proc. Rochester

and genital
anatomy: their bearing 0:1
position
of Orussus O!Y.~~npp_t;.er,-9-:
Acad. S~i.
10: 38-68

1957

Venereal transmission
of mite~ by wasps, and some evolutio~ary
problems arising
from the remarkable associat-ion
of Ensliniella
trisetosa
with the wasp AncistrJcerus
antilope.
Biology of
of eumenine wasps II.
Trans. Areer. Ent. Soc. 80: 119-174

195 7 Digital comm1.,mication iri wasps.
Jouc. Exp. Zool.
134: 469-513
1967

Biology of eunemine wasps ~:.

Ruptor ovi, the number of moults in development and method~ of
exit from masoned nests.
Biology of eumenine wasps, VII.
Psyche 93: 238-250

Name: Clifford
Present
Born:

S. Crawford

Position:

Associate Professor
of New Mexico

University

of Biology,

July 30, 1932

Degrees:

Previous

B. A. Whitman College, 1954
M. S. Washington State University,
Ph.D. Washington Sta-te University,
Career:

1961-1964

Department of Biology,

1964-present
Relevant

1958
1961

Portland

Department of Biology,

State

College

The University

of New Mexico

and Recent Publications:

1959 Lepidoptera
Washington.

associated with'grasses
grown for seed in Eastern
J. Econ. Entomol. 52: 966-9.
(with Harwood)

1962 An apparatus for measuring oviposition
Notthwest $cienf_E;!_36:123•5
1964 Bionomics and control
fields.
Wash. Agric.
1964 Decapitation-initiated
Lepid. 3:5-8

in some insects.

of insects affecting Washington grass
Sta. Tech. Bull. 44,25 pp.
oviposition

in crambid moths.

J. Res.

1966 Photoperiod-dependent
oviposition
rhythm in Crambus teterrellus
(Lepidopter: Pyralidae:
Crambinae). Ann. Ent. Soc. Amer. 59:1285-8.
1967 Oviposition rhythm studies in 9!ambus topiarius .. (Lepidoptera
Pyralidae:
Crambinae). Ann. Ent. Soc. Ar.ier. 60:1014-18.
1968 Oviposition rhythm in Crambus teterrellus:
effects and apparent circadian periodicity.
Soc. Amer. 61:1481-6
1968 Cs metabolism in Blatta
Comp. Biochem. Physiol.

temperature-depression
Ann. Ent.

orientalis
at various temperatures.
24:997-1002 ·(with Chuang, Snipes,

Reidesel)

1970 Effects of relative
humidity and decapitation
on the eggs of
_flodia interpunctella
(Hubner) (Lepidoptera,
Phyctidae) . ...J..
Stored Prod. Res. 6 (with Morrison)
(in press)
1970 Temperature changes influencing
oviposition
J. New York Entomol. Soc. (in press)

in Crambus_teterrellus

1970 Concealment behavior of n~mphs of Blaberus giganteus L.
(Dictyoptera:Blattaria)
in relation
to their ecology. _Reivsta
_4e Biologia Tropical.
(with Cloudsley-Thompson) (submitted
for publication)

..

Name: Gary L. Cunningham
Present

Born:

Position:

Assistant
Professor,of.Biology,
State Unive~sity,
Las Curces,
since 1968

New Mexico
New Mexico

June 9, 1942 ,

Degrees:

B. S.,
M.

s.,

Ph.D.,
Previous

Uqivers.ity
University
University

of Arizona, 1964
of Arizona, 1966
of California,
Los Angeles,

19,68

Career:

1964-1965

Teaching Assistant,
Arizona

1964-1965.

(summer)
research,

Botany Department,

University

NSF Research Fellow,· Laborat;ory of tree
University
of Arizona
•

1965-!"966 Teaching Assistant,
Botany Department,
California,
Los Angeles

University

of
ring
of

1966-1968

Research Assistant,
Department of Life Sciences,
University of California,
Riverside.

1968

(summer) Research Associate,
Department of Life Sci6Dce
University
of California,
Ri versicle

Relevant

and Recent Publications:
productivity
3:69-71

in a desert

1969

Irradiance.and
Photosynthetica

1969

Ecological significance
of seasonal
desert shrub. ~col~
50: 400-408

leaf

shrub.
variability

in a

~:

F. N. David

Present Position:
Professor and Chairman, Biostatistics
University of California,
Riverside
Born:

Department,

August 23, 1909

Degrees:

Previous

Career:

1935-1939

Professor
London

1939-1945

Senior

Relevant

of London, U.K. 1931
of London, U.K. 1938
of London, U.K. 1951

B.Sc. University
Ph.D. University
D.Sc .. University

of Probability

Statistician,

& Statistics,

Ministry

University

College_,

of Security

and Recent Publications:

1947

A power function

1955

Some notes on ordered
(with Barton)

1959

The z-test

and rectangular

1963

Stochastic

models in meterology.

1966

R.9ndomisation and the serial
for J. Neyman (with Fix)

1967 Four Letter

Words.

for a sequence of alternatives.
random intervals.
variables.

J. Roy. Statist.

J. Roy, Statistical

Soc. B.

Biometrika

U.S.A.F.

correlation

Biometrika

Scientific
coefficient.

Soc. B.

Report
Festschrift

Nam~: Charles A. Davis
Present

Born:

Position:

Assistant Professor of Wildiife Science
New Mexico State University
Las Cruces, New Mexico since 1967·

December 15, 1933 at Beaumont,Texas

Degrees:

Previous

Texas A&MCollege, 1956
M.• S. • Texas A&M College, 1958 •
Ph.D_.,
Oklahoma State University,
B. S.,

1964

Career:

1958-1960

Assistant Manager of _South F.lorida National Wildlife
,
. Refuges, U. ·s. Bureau of Sport Fisheries and Wildlife,
Del-tay Beach, Florida

1963-1966

Assistant Professor of Biology,· Arkansas s·.tate College,
. '
Jonesboro, Arkan~as

1966-196 7 Associate Professor of Biology, Southwestern
State College, Weatherford, Oklahoma

'f

I

,

Oklahoma

..

Name: James Everett
Present
~:

Position:

Professor
Sciences,

of Biology, Department of Biological
University of Nevada, Las Vegas

May 18, 1934, at White, South Dakota

Degrees:

B. S.

Ph.D.
Previous

Midwestern University,
Wichita Falls, Texas, 1956
University
of Kansas, Lawrence, Kansas, 1960

Career:

1959
1960-1964
1964-1965
1965-1968

Relevant
1961

Deacon

University of Kansas, Lawrence, Kansas, Assistant
Instructor
Assistant
Professor of Biology, University
of Nevada,
Las Vegas (Nevada Southern University)
Assistant
Research Professor,
University
of Nevada, Reno
(Desert Research Institute)
Associate Profe,~or of Biology, University
of Nevada,
Las Vegas(Nevada Southern University)
and Recent Publications

Fish populations
following a drought, in the Neosho and Marais
des Cygnes Rivers of Kansas.
Univ. Kan. Puhl. Mus. Nat. Hist.
13(9):359-427

1965

The biotic
Institute,

c·ommunities of southern Nevada. Desert Research
Preprint No. 9, 1-118
(With w. G. Bradley)

1966

Parasitism
in the fishes of the Moapa River, Clark Co., Nevada.
·rrans. Calif.-Nevada Section of the Wildlife Society.
1966: 12-23
(With B. L. Wilson and W. G. Bradley)

1967

Daily activity
cycles of Crenichthys
to Nevada. Southwestern Naturalist
Wilson).

baileyi,
12(1):31-44

a f·ish endemic
(With B. L.

1967

Observations on the c·cology of the freshwater jellyfish
in
Lake Mead, Nevada. American Midland Naturalist
78(1):155-166
(With B. L. Wilson)

1968

Southwestern f'ishes and the e.nigma of endangered
Science
159:1424-1432
(With W. L. Minckley)

1.967 1968, 1969
M.onnm(:'ot.

The Ecology

of

'J.'h-.:-co 1:eports

1967(J>l•l-l04),

SAl.'Qf"<>ga

to the

1968(PPl-82),

Springs,

species.

Death Valley National

1 Park Service.
1969 (PPl-104 and 1-87)
l!lst i ona

('

~:

Inge Dirmhirn

Present

Position:

Professor

of·Bio~iteorology,

Utah Stat~

University

~:

Degrees:

Ph.D.,

University

qf Vienna,

1950
)

1948-1963
.L ;JOJ

ctUU

1964
1965-1968

..

Research

Assistant,
Research Associtate,
Research MeteoroJ,,gi
am.I ih,cirt6.
IIc:ed
ot Department of Bioc.limstology
(1959-1961)
at Zentralanstalt
fuer Meteorologie
u. G., Vienna, Austria
Project Associate Meteor~ioiist,
Unive~sitJ of Wisc 0 ?Rin,
Madison, Wisconsin oud G0rlrlnnI Space Fligltt Cente·1·,
GreenbeltJ Mar~land
.
Associate Meteoro.logist 'for Atmos'pheric Science, Colorado
State University:
Fort Colfins~ Colo~ado
'

.-

tei'e'vant:
-~-

----

atrd Recent Publications
•~_......____

j

.

1951

Unterschu1;1g~n der Hirnmelsstrahlung
in den Ostalpen mit besouderer
Beruecksichtigung
ihrer Hoehenabhaeug.igkeit.
Archiv Met,,
Geophysik u. Biokl.,
Ser. B, II, 301-3l~6.
~

1951

Tagesschwan~ung der Bodentemperatur,
Sonnenscheindauer
Bewoelkung.
Wetteru. Leben 3:216-219
•

1953

zur Strahlungsverminderun&
5:208-213.

1955

Albedountersuchungen
Geoph., Biokl.,
Ser.

1958

Das ~trahlungsklirn~,
tn: ~teinhauser,
Eckel, Lausc~c~:
Klimatographie_ von _Oesterreich.
13- ~03, SP,ringer, Wein.
(With IF. Sauberer),

1960

Ein einfacher
Empfaenger zur Messung der C~lorophyll-Absorption.
Wetter u. Leben 12:15-1~'

1961

Light intens:i:ty Tat different
Levels·.·
III !1.1Ent'omoiogical
studies
from a high tower in Mpanga Forest,
Uga'nda. IE.~·
Entorn,Soc. Lond. 113:270-2.

1963

Ein Beitrag zur Bestrahlung
vertikaler
Jngenieur Archiv 17:227-238.

1964

~~G

1968

On the use of Silicon c·ells
J. APP·
7:702-707

an Windschutzstreifen.
'
,,

und

~ette~

u. Leben

auf dem Hintereisferner.
Archiv Met.,
B,, 6:400-416 (With
E. Trojer).
,,

Flaechen.

Q~r..!,,

St~ahlungfeld
Im Lebenstraum_{~nvironmental
Radiation).
Akadem1.sche Ver lagsgese 11s chaft. ~·rankfurt am Main, p. !~26

r~~-

(These are relevant

publicati0ns

in meteorological
from a list

radiation

of more tha.n :,0.)

st,:·~ie2.

r.t

Name: Howard Dittmer
Present
Born:

Position:
January

Degrees:

Professor of Biology, University
of New
Mexico, Albuquerque, since 1943.
29, 1910 at Pekin,

Illinois.

University
of New Mexico, 1933.
University of New Mexico, 1934.
Ph.D., University
of Iowa, 1938.
B.l:l.,

M.S.,

Previous
1938-1943
Relevant

Career:
Professor

of' Science,

Chicago Teachers

College.

and Recent Publications:

1948 Dittmer, H. J. A comparative study of the rumber and
1ength of roots producediin nineteen Angiosperm species.
Bot. Gaz. 109:354-358.
1949

Dittmer, H. J.
Amer. J. Bot.

1959

Dittmer, H.J.
A study of the ~oot 01'J'Stemsof certain
sand dune plants in New Mexico. Ecology· 40!265-273.

Root hair variations
36:152-155.

in plant

species.

1959 Dittmer, H.J.
A method to determine the length o;
individual
roots.
Bull. Torr. Bot. Cl.
86: 59-61.
1963

Dittmer, H.J. and M. L. Roser.
The Periderm of
certain members of the Cucurbitaceae,
Southwestern
Naturalist
8:1-9.

1964 Dittmer, H.J. and B. P. Talley.
Grass m>rphology of
fap roots of desert Cucurbits.
Dot. Saz. 125:121-126.
1964

Dittmer, H. J, Phylogeny and Form in the Plant Kingdom;
D. Van Nostrand Company (Asiatic edition 1968).

1969

Dittmer, H.J.
Characteristics
xerophytes.
In: Physiological
Arid Environments.
University
pp. 231-238.

1970

Dittmer, H.J.
Roots, In~ Encyclopedia of Biological
Sciences Second Ed:Ltion. pp. 816· 819. Van NostrandReinhold, New York.

of the roots of some
Systems in Semiarid and
of New Mexico Press.

Nnme:

William

Present

A. Dick-Peccli.e

Position:

Born:

Chairman of Department of Biplo;~.y, F,e~, tt.e,d.co
State University,
Las Cruces, New Heldco,
,since· 1953.

18, 1924

April

B. A. Drake University,

Degrees:

Ph.D.
Previous

t~J~

Career:

1949-1951

Instructor

1955-1966,

Professor

1966-present
•

Relevant

+949
s.~·ate University
1955

,

1

of Biology,
of Biology,

.Chairman,
I

Centre

College,

New Mexico State

Department

of Biology,

Darivill~,

Kentucky

University

New Mexico State

and Rec~nt.Publications:
communiti~s

Comparison of phreatophyte
(~i th, Cam~bell)

1965

Changing vegetation
patterns
in southern
New Mexi~o.
New
Nexico Geologiq1.l Society
16 Field Conference
Proceedi~,
pp. 234-235

1965

Roadside
Bulletin

1966

Fiel4 Biology:
Its new dimensions
in the scientifi~
community.
New M,exico Acadeiny of SciEHl:!.

1968

Vegetation
changes in southern
New Mexico
years.
Arids Lands in Perspective.
pp.

1969

A Land Use Plan

NMSUEngineering
,Development.
No. 31, p. 53

for

the Arid

Southwest.

Ecology

45·

1964

Experiment

Station

in th•"! ;,nst
157-r'.,6. ;~

100

Un.iv.

~:

Keith L. Dixon.:··

Present

Position:

~:

January

Professor

of Zoology, Utah State

20, 1921
.

Degrees:

Previous
1952-1957
1957-1958
1958-1959
1959-1961
1961-1967

University

B. A. San Diego State College,
M. A . University
of California,
Ph.D. University of California,

I

San Diego, California,
Berkeley, California,
Berkeley, California,.

1943
1948
1953

Career:
Assistant
Associate
Assistant
Assistant
Associate

Professor of Wildlife Management, Texas A & M College
Professor of Wildlife Management, Texas A & H College
Research Zoologist,
University of California
Professor of Zoology, Utah State University
Professor of Zoology, Utah State University

Rele,1ant and Recent Publications·
1957

(Breeding-bird
census)
Deciduous oak savanna-forest
Audubon Field-Notes,
11:450.

1958

Spatial
touthwest.

organization
in a population
Nat. 3:107-113

1959 Ecological
of western

(5 year

summary).

of Nelson pocket mouse.

and distributional
relations
Texas. Condor 61:397-409

T

of desert

scrub birds

1961 Habitat digt:ri.hurion
.o.ndniche relations
of North American species
of __?arus. pp. 179-216 In~ mvertebrat:e Speciat:ion" Univ. Texas Press,
Austin
1961

Some aspects

P.r_oc;_._
XU!
1969

of social

organization

in the Ca~olina

chickadee.

Jl:l!=_l:!!'f!~-t
.• O.r!l.Hh.Jl~.!lfil'_• 21,0 -258.

Patterns of singing
Condor 71:94-101

in a population

of the plain

titmouse.

Name: Gordon R. Dutt
Present

Position:

Professor of .Agricultural
.Arizona, Tucson, Arizona,

Chemistry and Soils;
since 1967

University

of

'
October ~5,--1929·at Choteau, Monta·na

Born:

pi:,grees:

Previous

B.S., Montana State College, 1956
M.S., Purdue Univers:i.ty, 1959
Ph.D., Purdue University,
1'960
Career:

,960-1964 .Assistant.,Research

Irrigationist,

University

of California,

Davis

California

1964-1968 Associate

Professor and Associate
.Arizona, Tucson, Arizona
...

Soil Scientist,

'

I f

Relevant and Recent Publications:

1961 A procedure to calculate

the quality
Conference on Ground Water Recharge,

of

!

t

'l

University

I

of percolating water.
Berkeley; California,

11

In "Biennis.l
March, 196'1.

1962 Relationships

between the activation
energies for deuterium oxide
diffusion and exchangeable ion conductance in clay systems. Soil Sci.
93 ( 3) • (Dutt and Low)

1962 Diffusion of alkali chlorides-in
233-240. . (Dutt and Low)

clay water systems.

1962 Prediction of the concentration
of solutes
systems containing gypsum and exchangeable
Amer. Proc. 26(4) :341-3L,3.

1962 Predicting
of soil.

Sbil Sci.

93(l):

in soil solutions for soil
Ca and Ng. Soil Sd, Sc,:.

concentration
of solutes in water percolated through a colt ':~n
J. Geophys. Res. 67(9):3437-3439. (:mutt and Tanji)

·:962 Qua.li ty of percolating

1

waters. No. 1 : Development· of a compute::i.~
pro 6!'ar:
for calcuJ.ating the ionic composition of percolation water. Water
Resources Center, University ofi CaHfornia,
Conuribution No ·50. ••
•• •

~:

Eric B. Edney

Present Position:
Professor of Zoology, Department of Life Sciences,
University of California,
Riverside,
since 1965
Born:

August 14, 1913, at Bogner, England

Degrees: B.Sc.

1st Clase, Rhodes University
South Africa;: 1933'

College,

Grahamstown,

D.1I..C~
Ph.D .. Imperial College of Science, University of London,
London, England, 1936
___,.D~Sc_--BiminghamUniversity~ En.~g=la=n=d~,~1~9~5~0
_____________

__
Previous

Career:

1936-1940

National

1940-1946

Makerere College,

1946-1955

University of Birmingham, England, Lecturer
Reader in Entomology

1955-1964

University College of Rhodesia and Nyasaland,
Zoology and Head of Department of Zoology

1962-6-Mo. University

Museum of Southern Rhodesia,

Relevant

Assistant

Kampala, Uganda, Lecturer

of California,

University of California,
of Zoology.

1965present

_

Riverside,

Zoologist

in Biology
in Zoology, then
Professor

of

Research Zoolog.ist

Department of Life Sciences,

Professor

and Recent Publicationa:

1966 Absorption of water vapour from unsatllt'ated air by A.reniyag~ sp.
(Polyphagidae,
Dictyoptera)
Comp. EiP.chem. Physiol.
19: 387-408
1967 Water balance
1968 The effect
Pariplaneta

in desert

arthropods.

Science

156: 1059-1066

of water loss on the haemolymph of Arenivaga sp. and
americana.
Comp. Biochem. Physiol.
25: 149-158

1968 Transition
from water to land in the Crustacea
American Zoologist.
8: 309-326

Isopoda.

1969 A new species of .Arenivaga_ from desert sand dunes in southern
California
(Dictyopera,
Polyphadidae).
-~-~oe:eedings of E_ntomol.
~Qc_.__Wgshil!&J:.9..!?:
7! (t) 1- 7 (, ith Fri.i:'ut)
1969

'!'he effect

of parental

_;t-psopb_iJa.~.la1:1.9,g~§..t.~r.-

temperature on the filial
egg period
fqysj.g)._!_~ool.. Vol. 42, No. 3

in

. \

Name: J. J, Ellington·
Present
Born:
Degrees:

Position:

Associate

Professor,

New Mexico State

University

1934
University of Arizona, 1957
Cornell University,
1958
Cornell University,
1963

B. S.
M. S.

Ph.D.
Previous·career:
1957

Student

1958

GraduateAssistant,

1963-65

Field research with California
Chemical Company, mainly on the
evaluation
of insecticides
on field crops.

_1965-'
present

~ssistant

Relevant

and Recent

· 1960

Assistant

in entomology,
Cornell

and Associate

University

of Arizona.

University.

·Professor,

New Mexico State

University.

Publications:

The onion maggot and its control.
Cornell
Buli. 947 (with Rawlins and Sloan)
resistance.

Univ .. Agr.. Expt. Stet.

1961

Onion maggot develops
Rawlins)

Farm Research XXVII:4 ,' (with

1968

A simplified
cage for trapping pink bollworm adults.'
Entomol. 61: 1468-1469 (with Norris and Durkin)

1969

Approaches to a more meaningful evaluation
of host plant resist.,;,n,:e
to Lepidoptera.
Proceedings of the Twenty-second Annual Cott01:
Improvement Conference - 1970

'J.

Econ.

Name: George Ettershank
Present

Position:

Born:

Senior Lecturer, Department of Zoology, Monash
University,
Clayton, Vic. 3168, Australia
1932

Degrees:

Previous

in Sydney, N.S.W., Australia

B. S. University
of Queensland,
M. S. University of Queensland,
Ph.D. Cornell University,
1964

1958
1963

Career:

I95l-1955

Assisf"ant~De1>a7t~ment---nf Ge-o-rogy,University-of-0ueensland-------

1955-1958

Assistant,
Agriculture

1958-1960

Bntomologist,
Queensland

1961-1962

Government Entomologist,
Western Samoa

1962-1964

Graduate Research Assistant,
Cornell University

1964-

Post-doctoral
Research Associate,
Cornell University

later Assistant
Entomologist,
Department of
and Stock, Brisbane, Queensland
Department ofAgricultu~e
Department

and Stock,

Atherton,

of Agriculture,

Api~,

Department of Entomology,
Department of Entomology,

Bel~_v~_g_~
and Recent Publications:
1961 Control
Zell.)

of the tobacco leaf miner (Gnorimoschema operculella
Qld._ J. Agric. Sci.
18: 403-405 (with Saunders)

1961 The economic significance
of insects,
pests and diseases
in 'i.ilestern Samoa. _!_g Report of the Economic Development
Committee,
Government Printer,
Apia, Western Samoa.
1961 Coconut pests and diseases in wastern Samoa. Irp Proceedi:ngs
of the First Meeting of the F. A. 0. Working Party on Coconut
Production,
Protection
and Processing,
Trivandrum, India
1962 An investigation
of morphological and cytological
variation
the coconut rhinoceros beetle, Oryctes rhinoceros
(L)
(Dynastidae, Coleoptera).
M.Sc. thesis, University
of
Queensland (unpublished)
1963 Rhinoceros beetle
the new project.

research by the South Pacific
Indian Coconut J. 16:75-77

Commission

1963 A method of separating
arthropods
from detritus
funnel samples. .Turtox News 41: 98-100

in Berlese

1964 Monomorium solleri
(with- Brown, --1964

(comb. nov.)

Pilot

Register

of Zoology 18

Malpighian tubules as meri~tic c-h.'lrr1.ctei.-sin the ants~ Ent.
:!:!on. Mag. 100:5-6 (with Brown)

in

George

-

.

Etter~hank

(conti~ued)

1965

Adhesiveness·
of spider
Eisner
and Alsop)

silk.

1965

A new modular-design

1965

A new species
Formicidae).

1966

A generic
revision
of the w~·rld,Myruiicinae
related·to
Soienopsis
and Pheidologeton
(Hymenoptera: _Formicidae).
Aust. J. Zool.
-14: 73-171 ... (Ph.D. thesis;
1964, C~nen
U,nivers-ity)

1966

and recording
of radio~transmitted
temperatures.
on Instrumentation·
·for ·Plant Environment
Measurements:.
Society
of Instrument
Technology,
Australia.
(with Ealey)
•.•

artificial

~f_i_~~

148:1058-1061.

ant nest.

(with

l.\!tl_OlLN~.RS

of Megalomyrmex from the Chilean
Psyche 72: 55-58.

Andes

43:42-43
(lly111e1,opt'e1.c1•

Integration

X...
ri.~ Conference

1966

Hemipte·ra fro'II! saline. wate.rs in inland Australia.
_S<;J,_ence29: 144-145. t (with Fuller
an·d Brough)'

1967

A completely
103: 66-67.

1968

The three-dimensional
gallery
str~ctur~·o£.the
nest of the meat
ant, Iridomyrmex purpureus
(Sm.) '(Hymenoptera:Formicidae).
Aust. J. -~!-"'OJ.. 16: 715-723

1968

Review--Ants

1969

Introduction
to the Arthropoda'
, '·Ins·ec-ta
and other· sections
_of Pafker·and
Haswe\l,
:Textboo~ ~f Zoology:,
Vol. 1, ed.
A. J. Marshall.
MacMillen
·and
Co.,
Lonclon·.
(ac·c·epted)
... . . '
.
,. . .
.

1969

Water acquisition
and resistance
to desiccation
in the meat
atrt, Iridott\y_tm~3S purpureus.
(Sin.) - ·irt preparation
.

'I

defined

synthetic

Observed

(Lars.on).

'

die~

for

ant·s.

J; ·Aus·t~ Ent.

j\us_t~.!

Ent.

Sg_~.

.,...r·-·

r

I•fO~..e.-.~~-

Name: Daniel D. Evans
Present Position:
Born:

Professor of Agricultural Chemistry and Soils and Chairman,
Committee on Hydrology and Water Resources, since 1963

August 13, 1920 at Oak Hill,

Degrees:

Ohio

B.s., Ohio State University, 1947
M.S., Iowa State University; 1949
Ph.D., Iowa State University, 1952

Previous Career:
1947-1948

Resea.rch Assistant,

Texas Research Foundation,

1949-1'153~esearch
Associate and Assistant
State University, Ames Iowa

Professor

1953-1962 Associate Professor, later Professor
University, Corvallis, Oregon

Renner, Texas

of Soil Physics,

of Soil Physics,

1960-1962 Advisor to the Ministry of Agriculture~
(on leave from Oregon State University)

Iowa

Oregon

St.at.A

Kenya, East Africa

Relevant, ang_Recent Publications:
·j 9E/)

Soil rr,oist 1J.rq, nitrogen and stand density effects on growth and yield of
Sir1eet corn. Oregon_furr._.
__~t.
Sta. Bull. 5.3. (Evans, Mack, Stevenson,
and Wolfe)

1961 Evaluating
Kemper)

soil water.

Utah Ag. Exp. Sta. Bull. 426.

(Taylor,

Evans, and

1965 Editor Soil Physics Section of monograph entitled "Methods of Soil Analyses." Agronomy No. 9. American Society of Agronomy, Inc., Madison, Wis.
(Evans)
1967 Water disposition
Soc. Amer. Proc.

in a stream channel with riparian
31:263-269.
(Qashu and Evans)

vegetation.

Soil Sci.

1968 Micromorphological study of soil crusts.
32:19-22.
(Evans and Buol)

Soil Sci. Soc. Am~r. Proc.

1968 An analysis of the vertical :infiltration
'.1Jater Resournes __
Research J. li-!8'1'/-828.

of water into soil columns.
('rbames and Evans)

Name: Raymond B. Farnsworth
Present Position:
Born:

Professor

of Agronomy, Brigham Young University,

Hay 21, 1915, Enterprise,

Degrees:

B. S.
M. S.

Ph.D.

Provo, Ut2h

Utah

Brigham Youn~ University, 1937
Massachusetts State Coliege, 1938
Ohio State University, 1941

Previous Career:
1941
1941-1943
1943-1946
1946-1958
1958-1959
1959-1961

Baulding Sugar Company
Ohio Agricultural Exper._Station,
Columbus, Ohio
U.S. Navy, Lieutenan't
Assistant Professor, Brigharr. Young University (also 1961)
Soil Scientist,
Oregon State College, Corvallis, Orep,on
Soil Science Advisor, University of Toheran

Relevant and Recent Publications:
1938 "Nitrification
in Soils of Massachusetts as Influenced by Soil Type and
Source of nitrogen," unpub. Thesis, M.S. Massachusetts State College.
1937 "Some Biological Characteristics
of Virgin Soils of Utah Valley,"
Proc. Utah Acad. of Sci., Arts and Letters, vol 14:27-28.
1939 "New Soil Physics Studies in Sugar Beet Growth," Proc. American Soc. of
Sugarbeet Tech., pp. 55.
1940 "The Effect of Soil Structure on Sugar Beet Growth,"
Soc. of Sugarbeet Tech., Part I, pp. 74-84.
1941 "The Effect of Soil Structure
35, Ph.D. Ohio State Univ.

Proc. American

on Sugar Beet Growth," Doctoral Dissertat:..or

1948 "Algal Characteristics
of Some Western Soils," (with T. L. Martin)
Proc. Utah Academy of_Sciences, Arts and Letters, vol. 25.
1951
l

11

The Use of Aspergillus niger in Evaluating Potassium Levels in Utah SoU~
(with T. L. Martin)-:-Abstracts l'lestern Soc. of Soil Science, June, 1c:51,

()S8 "The Availability of Potassium in Some Utah Soils," (with others)
Proc._Pacific__'~orthwest ReKiona~ F~rti}_izer Conference.

Name:

J.

Present

Born:

Horner Ferguson

Position:

July

Degrees:

26,

Assistant
Professor,
Biological
Sciences,
Idaho, since 1964.
1936,

at

San Antonio,

B.S.,
Sul Ross State College,
Ph.D.,
University
of Arizona,

Department
University

of
of

Texas.
1958.
1964.

---- Previous
-----=-----------------------Career:
1961-1964

Assistant,
of Arizona.

Department

of Zoology,

University

Name:

William

Present
Born:

Fiero

Position:
January

Degrees:

Previous

Research
Geologist,
16,

Associate
Professor,
Hydro
University
of Nevada.

1936.

B.S., Dartmouth
College,
1957.
M.S., UniVersit~
of Wisconsin,
Ph.::•., Univer.sity
of Nisconsin,

1959.
1968.

Career:

1959-1963

Assistant
Director
Four Corners
Area.

1963-1966

Teacher Geology,
Assistant
Dean, Assistant
Instructor
of Liberal
Studies;
Mount Hermon
School,
Mount Hermon, Massachusetts.

1966

Research

1968

Research
Associate,
of Nevada.

Assistant,

of Geology,

University
Desert

Texaco

Company,

of Wisconsin.

Research

Institute

Name:

Ernest

Present

B. Fish
Instructor-Research

Position:

of Watershed
Arizona,
Born:

May 26,
B.S.,
r~.S.,

Previous
Dec.

1942 at

1964-June

1966-

Relevant

Since

State
State

November

~partmcn~

Uni ver:i ty

of

1968.

New Mexico.

University,
University,

1964.
1966.

Career:
1966

June 1966-Sept.1966
Sept.1966Nov.1966
Nov.

t1anagement,

Albuquerque,

Colorado
Colorado

Associate,

Nov.1968
and Recent

Graduate
Teaching
Assistant,
Cclorado
State
University.
Instructor,
Colorado
State
Univfrsity
Range Conservationist,
Soil Cor.~ervation
Service,
Glenwood Sprinrs,
Colorado.
Image Interpretation
Officer,
U.S.
Army, Fort Gulick,
Panama Canal !one.
Publications:

1~64

Secondary
Watershed.
12 4 pp.

Succession
on U?per Kiowa Creek
Fish,
Ernest
3.
M. S. Thesis.

1969

Phytosociological
Dynamics Over a Ten-Year
Period
on Upper Kiowa Creek Watershed.
Fish,
B. and Charles
Terwilliger.
Manuscript.
10 pp.

1970

An Estimation
Method for Determination
Vegetative
Composition.
Fish,
Ernest
and Charles
D. Bonham.
Manuscript.

1970

Measurement
and Analyses
of Ecological
in a lk~rtgrass
Site.
Bonham, Charles
Ernest
B. Fish.
Manuscript.
10 pp.

of
B.
7 p.
Variations
D. and

Name:
Present
Born:

C. Edward Freeman
Position:

Ironton.~ Missouri,

Degrees:

Previous

A~gust 19, 1941.

B. S., Abilene Christian
College, 1963
M. s., New Mexico State University,
1966
Ph.D., New Mexico State University,
1968
Career:

1963-1968

Graduate Assistant,

1968-present
Relevant

Assistant
Professor of Biology, University of
Texas at El Paso, El Paso, Texas since\1968

Assistant
El Paso

New Mexico St.ate University

Professor

of Biology,

Univ. of Texas at

and Recent Publications:

1968 A pollen study of some post-Wisconsin
Oona Ana County, Southern NewMexico.

alluvial
deposits in
(Doctorial dissertation)

1970 Woody riparian vegetation
in·the Black artd Sacramento Mountain
ranges, southern New Mexico. South•tiest Natur.
(in press)
(with Dick-Peddie}
•
•

\
1

~:

Saul Frommer

Present
Born:

Position:

Senior Museum Scientist

1934, New York.

Degrees:

B.

s.

M.S.
Previous

City College of the University
1957
University of Kansas, 1961

of the City of New York

Career:

------Museum-Se-ient-is-t:,------S

tep-----V,-tJni-ver-s4.--t-y-e-f--Ga-l-i-f.or--n-ia--,-DepaRment----

o f Entomology.
Museum Scientist,
Step III,
ment of Entomology.
Laboratory Technician
of Entomology
Relevant~

University

II, University

of California,
of California

DepartDepartment

Recent Publications:

1963 Gross morphological studies of the reproductive
system in representative North American crane flies (Diptera: Tipulidae).
University
of Kansas Science Bulletin
Vol XLIV, No. 12, pp. 535-626
1965

dredge for quantitative
bottom samples.
California
Vector Views, Vol. 12, No. 10 pp. 56-57 (with Bay)

A littoral

1967 Review of the anatomy of adult chironomidae
Control Association,
1E£_. Technical Series
1-40

California Mosquito
Bulletin No. 1, pp.

1968 The crane flies of California.
Bulletin of the California
Insect
Survey, Vol. 8, 269 pages, 524 figures,
frontispiece.
1967
Review:
; Pan-P~cili~_E_nt_omol...9_gi§..t
• ··44·(l)"t'72-13. •.
1970 A rapid met:hDd for maklng
(in

press)

sli.de

mounts of insect

wings.

Manuscript

118.11'.e: Herqert;
Present

H-.. Frost

Position:

_Q_orn: January

Professor
Utah since
22,

of Zoology,
1967

1917 at Neu York -City,
_.

De~~ees:

B.A.
M.A.
Ph.D.

Brigham

Brigham
Brigham
Cornell

}l<?.ad, Department

1955-60

Chairman

of Naturai

195~(s.uu,mc::r) Fellow,
Oregon Institute
(U~ of Oregon Marine Station)
1960(summer)

Vis:U:ing

Re_lev_ant ~nd Recent

Sc:i.~nces,

·r

'

-------

Ricks

Sc{ench=s,

Riclrn

College,

Rexburg,

Culloi:;~,

H-~-l"n·e:,

Idaho
T,l:-11>0

M-nrine r.:·_ol.>gy, Coos l3ay, Oregmi

Brigham_ ..Young Uqi.v~rsity,

Provo,

Utah

!

PubEcations:

---•·------

1965

Faculty,

New York

194~
19lf7

of Biolo3ical

Di.vision

1

Provo,

.

Youn3 University,
Young University,
University,
1955

1947-60.

Young University,

-~---

•

Frost:
I-Ierbert H. and. J.
Colorado
:i'.n the Vicinity
Arts and Letters
42(2):

R. Murphy.

Observations
·on Birds alone
ef Moab, Utah, • :£in.,c_.~_l:l.tll-h.J...c.ruie~.,

thii

180-105,

1965

Fros-t, Herbert
;I., J. R. Muq~h:r, 1:1.n,l s._ {aba.
of the Color~.do Riv,er nenr Hoab, Utah.
,:.roe.
and ~~~~~:cs· li-2(?-) 280--?.C3.
,·
'. •

Notes on the Fish8s
Utah Academy S~
~rts

1%6

Frost,

Buli.

:.1.erhvu- H.

flfrh,i!'rn,,l

in Ptnb

fwilson

l,

._

... •

• .. .,. i-'

I'
,\

.

r.

't

75(1.)

1.26,

---

~:

Wallace H. Fuller

Present

~:

Position:

April

Professor of and Head of Department of Agriculture
Chemistry and Soils, University of Arizona, Tucson,
Arizona

15, 1915 at Old Hamilton,

Alaska

Degrees:
B. S., Washington State College, 1937
-- - --- - ----M-.-S-.-,-Wash-i-ngt-en-S-t-at-e~e-Hege,-1-9-3'-f------------------Ph. D., Iowa State College, 1942
Previous

Career:

1940-1945
1945-1948

1948-1956
Relevant

Research Associate,
Iowa State College, Ames, Iowa (4 months
leave with Guayule Project on soil survey research: California,
Texas, and New Mexico)
•
•
Biochemist and Soil Scientist,
United States Department of
Agriculture,
Agricultural
Research Service Plant Industry
Station, Beltsville,
Maryland
Associate Professor and Associate
Arizona, Tuc~on, Arizona

.an<l ~ecent

Biochemist,

University

of

Publications:

1964 Phosphorus movemen~ in a calcareous soil:
I. Predominance of
organic forms of phosphorus in phosphorus movement.
Soil Sci. 97:350-357.
1965 Basic concepts of nitrogen,
phosphorus and potassium in
calcareous soils.
Ariz. Agr. Expt. Sta. & Ext. Serv. Bull.
1965 Water, soil and crop management principles
Ariz. Agr. Expt. Sta. & Ext. Serv. Bull.

A-42

for the control
A-43

1966 Fixation of isotopic nitrogen on a semiarid soil by algal
organisms.
Soil Sci. Soc. Amer. Proc. 30:56-60.
1967 Relative absorption of strontium and calcium by certain
Soil Sci. Amer. Proc.
31:772-774

of salts.
crust

algae.

1968 Efficiency analysis of water utilization
in the central area
of Arizona. Arizona Interstate
Stream Commission, Tech. Rep. No. 2.

]QM

"Desert Soils of the World," i2. Desert Biology II,
Academic Press.
,.•• (( G. W. BrownJed.) (in press)

1969 ,,.Phosphorus Cycle,"
New York• Rh,:,it>hoU
J

New York3-

in Encvclopedia of Earth Sciences.
i'ubl:i.s-hing' Company-.--·-n:npress)--

Vol.

IV.

~:

Arden

Present

R. Gaufin

Position:

Born:

Professor,

University

December 25, 1911 at Salt

Degrees:

Previous
1946-1949
1953-1954
1954-1~61
1961-1968
1963-1969
1968-1969

!tele-vnnt

B. A. University
M. S. University
Ph.D. Iowa State

of Utah

Lake City,

Utah

of Utah, 1935
of Utah, 1937
University,
1~51,.

Career:
Instruct.or,
University
of Utah
Assistant
Professor,
University
of Utah
Associate Professor,
University of Utah
Professor,
University
of Utah
Summer Sessions
Visiting Professor Zoology arid Assistant
Director,
University
of Montana Biological
Station
Ac••
ting Director,
1969 •
Professor of Zoology and Director of Environmental Biology,
University of Montana
, , .
an:d··Recant Publications:

1966 Oxygen consumption of several species of st~n·e·flies (Plecoptera).
J. Insect., Physiol.
12:347.-355. (With A:·W. Knight).
1966 Acute and long-term effects of organic insecticides
species of stone fly naiads.
J. Water Pol. Control.
38(8) :· 1273--1286 (With Loren-D. Jensen).

on two
Fed_~

1965 Fu[\ctdlon of stonefly,_gills
under reduced diss.o.lved oxygen
concentration.
Proc. Utah ·Acad. 42(2):186-190
(With Allen
W. Kn:ight).
1966

The stoneflies
XIV (1): 1-89

(Plecoptera)
of Utah. Univ. Utah Biol.
(With ~. •_V.Nebeker and ;r. Sessions)

Ser.

1966 Altitudinal
distribution
of stoneflies
(Plecoptera)
in a
Rocky Mountain drainage syst~m. • J. Kans. Entomol. Soc. 39
(4):668-675
(With A. W. Knight),
1967 Geographic and seasonal distribution
of Western North America (Plecoptera).
40(3):415-421
(With A. V. Nebeker).

of the family Capniidoe
J. Kans. Entomol. ~}?.S.•

1967

Stream type selection
Jnd associations
in a Colorado River drainage system.
40(3):347-352
(With A. W. Knight).

of stoneflies
(Plecopt~ra)
J. Kans. Entomol. So~.

1969

Comparison of two .• • types of stream. bsect
drift mets.
Limnol. and Oceanog. 14(3):459-461
CTvith D. C. Hales)

--

Name: Gerald F. Gifford
Present

Position:

Born:

Chanute,

Degrees:

B, S.
M. $,

Ph. o·.

Previous
----

----

Assistant
Professor,
Range Watershed Science,
Utah State University
Kansas, October 24, 1939
Utah State
Utah State
Utah State

University,
University,
University,

1962
1964
1968

Career:

--19-sz----i
% :r- Cooper at ive1'.-n1-Airre-emem--wrth-Inten1rountatn-Fore-s-t-----------and Range E~~~rtment Station,
Forest Service, USDA.
1963-1965

University

1965-1967

Lecturer
Reno

1967-

Assistant
Professor,
State University

Relevant
1965

Research Fellowship,

University

in Watershed Management, University

Of Nevada,

Range Watershed Scieace,

Utah

and Recent Publications:

22Na uptake by intact
(with Nelson)

seeds.

New Phytologist

1966 Aspen root studies on three sites
Mtd. Naturalist 75(1):132-141
1967

Utah State

in northern

Temporary instrument shelters
for hydrologic
Soil and Water Conserv.
22(1):25

64(3):360•365
Utah,

Amer,

studies.

J.

1967 The influence of growth media, temperatures,
and light
intensities
on aspen root and top growth.
Forest Service,
Intermountain Fc1est and Range Expr. Sta. Research Note
INT-6 7: 4pp.
1967

Influence of various rangeland cultural
treatments on
runoff and sediment production from the big sage type,
Eastg~t&- Basin, Nevada. In.Proceedings
'fhird Amer. Water
Resour. Con£.. San Francisco,
Nov. 8-10:137-I48

1968 Apparent sap velocities
in big sagebrush as related
nearby environment.
J. Range Mange. 21(4):266-268

to

1968 Range resources and watershed management--A need for
research.
In~Proceedings Western Farm Bureau Water Conference, Utah State Univ., Logan, July 10-11:104-106
(also Utah Science 29:90-91)

.

1968

Rangeland watershed
management:
Expt. Sta. Paper R52: 50p.

a review.

Univ.

Nevada Agric.

1969

Infiltrometer
studies
on treated
vs. untreated
pinyon-juniper
sites
in central
Utah.
J. Range Mgt. 22:110-1114.,
(with
Williams and Coltharp).

1969

Evaluating
.rangeland water
J. Soil and Water Conse rv.

1969

Influence
of .pinyon-juniper
conversibns
and water quality
on
permeability
of surface
soils.
·water Resour. Res.
5: 895-899.

quality
with small plot .infiltrometers.
24 :65-6 7,
(with: Tew) .

'I

_:,

~..e~~:Robert W. Gill
I?,r.~§.~Jl._t;
~,.t~:
Assistant
Professor of Biology, Department of Life
Seiences, University of California,
Riverside,
California
since,1967
19.40 at' water bury,

l}Q!,D:

Degrees:

Relevant

Connecticut

B. A•• Oberlin College, Oberlin, Ohio, 1961
M. S. University of Michigan, 1963
Ph.D.~ University of Michigan, 1967
£me!.Recent Publications:

-------------

1969

Soil microarthropod
tion.
Ecology 50:

abundance follov1ing
805-816

old-field

litter

manipula-

ND.!!!fi: George W. Gillett
Present Position:
Professor of Botany and Director
University
of California,
Riverside,
since 1967
Born:

.. ay 3", 1917 at Hopewell,

Degrees:

B. S.
M. S.

Ph.D.
Previous

Iowa State
University
University

of the Botanic

New York

College, 1940
of California,
of California,

Berkeley,
Berkeley,

1949
1954

Career:

1954-1956

Instructor

1956-1962

Assistant
Professor of Botany, Michigan State
East Lansing, Michigan

1962-1967

Associate Professor of Botany and Director.,
Arboretum, University
of Hawaii, Honolulµ

Relevant

Gardens

in Botany,

Bakersfield

College,

Bakersfield,

Calif.

University,
Harold·L.

Lyon

and Recent Publications:

1967

Coronanthera grandis (Gesneriaceae),
a new species from the Solomon
Islands.
Jour. Arnold Arboretum of Harvard University 48: 245-248

1967

The genus Cyrtandra (Gesneriaceae)
in Fiji.
the U.S. National Herbarium 37: 107-159

1968

Systematic relationships
in the Cosrnanthus phacelias
Brittonia
20(4): 368-374

1969

Observations
on Hawaiian species of Wikstroemi~. (Thymelaeaceae).
facific
Science 23(1): 83-88 (with Gupta and Gillett)

1969

The nomenclatural
and taxonomic status of the Hawaiian shrub
Scaevola gaudichaudii
H.&A, Pacific Science 23(1): 125-128

1969

Chemotaxonomic studies of Hawaiian Wikstroernia.
23(1): 23-31 (with Gupta and Gillett)

1970

An experimental
study of the genus Bidens in the Hawiian Isl;:,.r.>Js
Univ. of California
Publications
in Botany 56: 1-63. (with G~l ~?. tt
and Lim)

1970

The status of the genus Protocyrtandra
Arnqld Arboretum of Harvard University

1970

A review of the tax0nomy of Hawaiian .hgturl,!S (Urticace,4~)
anatomical and cytological
evidence,.
Brittonia
(in press)
(with Nichart and Gillett)

Contributions

from

(Hycirophyll,3ceae)

Economic Botan:

(Gesneriaceae).
(in press)

Jc::.1:·
br

Name:

Peter

Present

Born:
____

James

Position:

January

Goodman
Senior Scientific
Officer
(Plant
Physiologist),
Welsh Plant Breeding
Station,
Aberystwyth;
temporarily
in Department
of Range Science,
Utah
State University.

6,

1929 at

Stockport,

Cheshire.

_o e g re-e s_:_B ~S_,_,_(J.lo_n_o_u
r_s_)_L_Qn_d__J)__Il_,,~l"'--'9.,_,,,_S
.,,._2__._.
_______________

B.S.,
Ph.D.,
Previous

(Honours)
Southampton,
Southampton,
1957.

1953.

Career:

1953-1956

Agricultural
Assistantship)

1957-1960

C.S.I.R.O.
Tobacco Research
North Queensland,
Australia.

1960-1966

Botany Department,
Station,
Harpenden,
Scientific
Officer)

Re_].._e~~11_1:_
__and_Recent

Research

Council

(Research
Institute,
(Research

Mareeba,
Officer)

Rothamsted
Experimental
Herts.,
UK..
(Senior

Publications:

1959

(with E. M. Braybrooks
and J. M. Lambert)
Investigations
into "die-back"
in Spartir..a
townsendii
agg. I.
The present
status
of
Spar~!na
townsendii
in Britain.
J. Ecol.,
!Z_, (3), 651-677.

1959

The possible
role of pathogenic
fungi in
die-back
of Spartina
townsendii
agg. Trans.
Brit.
mycol. Soc., Q, (4), 409-415.

1960

Investigations
into "die-back"
in Spartina
townsendii
agg. II.
The morp·hological
structure
and composition
of the Lymington
sward.
J. Ecol.,~.
711-24.

1961

(with W. T. Williams)
die-back 11 in ~rtina
Physiological
correlates
Ecol.,
49, 391-8.
11

1963

Some effects
composition
1±, 196-203.

Investigations
into
townsendii
agg. III.
of 11 die-back"
. .J.

of different
of sugar beet.

soils
J.

on growth and
Sci. Fd. Agric.

_

Peter

James

1965

Goodman,

(continued)

Soil-plant
nitrogen
relations
of tobacco
at
Mareeba,
Queensland.
Australian
Journal
of
Experimental
Agriculture
and Animal Husbandry,
~.

180-192.

1966

Effect
of varying
plant populations
on grcwth
and yield
of sugar beet.
Agricultural
Progress,
41, 82-100.

1968

Physiological
analysis
o~ ~he effe~ts
of
different
soils
on sugar b~et crops in different
years.
J. appl.
Ecol.~.
339-357._

1968

Biological
Flora of the British
Schreb.
J. Ecol . .§2_, 285-314.

Isl~s:

Spartina

--

~:

Victor H. Goodman

Present Position:
Associate Professor of Botany, Department of Life
Sciences, University of California,
Riverside,since
1954
1918 ·

Degrees:
Previous

Kansas City, Missouri

at

A. B .. University of Missouri, Columbia, Missouri,
Ph.D. Cornell University,
Ithaca, New York, 1951

1947

Career:

------------- -- - 1-946,..-1
..94-'l-Un-i-ve-r..s
..i.ty-o.f-----M-i..ssou
~i-,-Co-lumbi-a-,-Mo...,-Unde.r-g..r.adua-te-Ass
Department of Botany
1947-1951

Cornell University,
Ithaca,
Department of Botany.

1951-1954

Mississippi
State College, Agricultural
State College.
Associate Physiologist.

1954present

University

of

Ced i.f'oi:11Ln,

..i..s.r..an L ........__

New York, Graduate Assistant

Ri.votside,

Experiment Station,

Department:

of

Life

Sciences

_

..

'

Name: Walter Gould
Present

Position:

Weed physiologist
in charge of brush control
at New,Mexico State University
,
'

research

•

Born:

1923

Degrees:

Ph.D.

Previous

Career:

Oregon. State ..University,

· 1964',

Work Unit Conservationist
for eight_ye~rs
tion Service in Wyoming. •
•
• •• •
1

•

in Soil Conserva-

J •.~

Carried on weed control research in agronomic crops
for.three
y~ars at New Mexico State Univer~ity._
Assisted in weed research· on rangeland and in agronomic
crops_ .for thre~-and-one-half
.Years, a.t Oregon State. Univet"sity
while working toward the Ph.D.
Conducted research on witchweed (Striga lutea) control
in North Carolina and South Carolina with Agric~ltural
Research Service ~or one-and-a-half
years.
•
Worked. four months on salt
New Mexico with ARS.
Relevant

program j_n

and Recent Publications:

Medusahead--a
Johnsongrass
Evalua.tion
tridentata)

ced?r control

threat
control

to Oregon rang~land
on ditchbanks

of herbicide'
_.,

Herbicide

evaluation

Evaluation
tridentata)

of aerial

treatments.

studies

1n-New Mexico
~pr the control

for the control

treatments

of ·creosotebush

of tarbush

for .. the control

(Flourensia

of creosotebush

(J,§J-_IE-:-1_

.s:~ri11!~)

(1.arn:0.

Name: Verle Q. Hale
Present Position:
Research Soil Scientist,
Medicine and Radiation Biology, University
Angeles
!!Q!.n_: 1927, Pocatello»

Degrees:

B. S.
M. S.

Ph.D.
Previous

Idaho

Utah State University,
1953
Utah State University,
1958
University of California,
Los Angeles,

Soil Scientist,

1958-1963

Laboratory

1963-1966

Assistant Agronomist,
California,
Davis

1966-1968

Staff

1968·

Director

1968

Laboratory
University

1960

1963

Career:

1956-1958

Relevant

Laboratory of Nuclear
of California,
Los

Soil Conservation

Technician,

USDA

Department of Plant Biochemistry
Agronomy Department,

Research Specialist,
of Research,

Service,

University

Geigy Agricultural

Security

of

Chemical

Seed Company

of Nuclear Medicine and Radiation
of California,
Los Angeles

Biology,

and Recent Publications:

85
Behavior of bicarhonate and Sr
in soils.
292-295 (with Clark, Blank, and Wallace)

Soil Sci. 89:

1961

Uptake and transloca.tion
in plants ·of labeled iron and labelc~l
chelating agents.
Soil Sci. 92: 268-273 (with Wallace and
Je-ffreys)

1961

Translocation
and retranslocation
of
agents.
Proc. Amer. Soc. Hort. Sci.
Wallace)

1964

c14

labeled chelating
78: 597-604 (with

Effect of pretreatment with chelating agents or with Fe 59
on Fe59 distribution
in plants.
Crop Sci. 4: 489-491
(with Wallace)

Name: R. J. Hanks
rresent
Born:

Position:

Professor

of Soils Physics,

Utah State

Unive~sity

August 4, 1927·, at Sa'lem, Utah
I

Degrees:

B. S.
M. S.

Ph.D.
Previous

'.

Brigham Young University,
University of Wisconsin,
University of Wisconsin,

1950
1952
1953

Career:

1953-1962

Research Investigator,
Soil Physics,
USDA, Manhattan, Kansas

1962-1968

Research Investigations
Fort Collins, Colorado

Relevant

J.

Leader,

Soil and Water Cons. Div.,

North Plains

Br, SWCDUSDA,

and Recent Publications:

1962 Numerical solution of the moisture flow equation for infiltrati.on
into layered soils.
SSSA Proc. 26:530-534 (with Powers)
1962 Power series solution of the one-dimensional
diffusion equation for
exponential and linear diffusivity
functions ARS 41-41,, 64 pp.
(with Klute, Peters, and Scott)
-1963 Two-dimensional electric
simulator for non-steady-state
flow. SSSAProc. 27:240-241 (with Powers)
1967 Nonsteady-state
drainage of fluid from porous media.
and Drain.93:209-231
(with Jensen)

soil

moisture

J. of ILrig~

1967 Electrical
analogues and digital
computers for estimating u1:sat;_.:retc~
water flow in soils.
Proc. of Hydrol. Syrop. 6:116-131.
Soil Mo:!.stme.
National Research Council of Canada.
1968 Evapotranspiration--climate
relations
for several crops in the GJ~0~t
Central Plains.
Agron. J. 60:538-542, (with Gardner and Florian)
1969 A numerical method for estimating infiltration,
drainage and evapoation of water from soil.
5:1064-1069 (with Klute and Bresler)
J.S-69 Numerical method for estimating
in unsaturated
soil.
Soil Sci.
Bresler)

redistribution,
Water Resources Rese=3rc1'.

simultaneous flow of water anc1 G.:-s::.t
Soc. Amer. Proc. 33:827-83] (witt

1969 Infiltration,
radistribution
and subsequent evaporation of ,rnter.
from soil as affected by wetting rate and hysteresis
Soil S~l_._ Sc.:::.•_
Amer. Proc. 33:832-840 (with Bresler and Kemper)
1969 Plant growth evapotran:spiration
relation
for several cr'.)ps :i.n t+,Q
Ge.ntral Great Plains.
Agron. Jour. 61: 32-34 (wHh Gar<l'?ner an·.~
Florian)
{These are relevant

publications

from a list

of more ::ban 50.)

~:
Present

Kimball T. Harper
Position:

Degrees:

Previous
1959-1963

Assistant

Professor

of Botany, University

B. S., Brigham Young University,
M. S,, Brigham Young Univers~ty,
Ph.D., University of Wisconsin,

1958
1960
1963

Career:
Research Range Ecologist,

U.S. Forest

Service

of Utah

E9=1e: David M. Hendricks

Present

Position:

Assistant Professor of Agricultural
Chemistry and Soils)
University of Arizona, Tucson, Arizona, since 1966
-·

_Born: February 5, 19.34
.Rt:.KD~~:

B.s., University

of California,
University of California,
Ph.D., University of California,

M.S.,

1960
1962· __.
1966

Relevant and ~ecent Publications:

1967 Clay mineralogy of andesite
1968

saprolite.

Andesite weathering I: mineralogical
saprolite.
J. Soil Sci. 19r1.35-146.

1968 Andesite we11r.hering II:
I..! So:l_l_
Sc:... 19:147-153.

geochemi0al

' '
l'

• f

•

)

.
j

'

Clays and Clay Min. 15:395-407.
trans~ormations
chm:tgP-.<:

from andesite

from andeAite

to

to $aprolite.

Name: Carlton
Present

Born:

H. Herbel

Position:

Range Scientist,
Jornada Experimental Range, Crops
Research Div,, Agricultural
Research Service, U.S.
Dept. of Agriculture,
Las Cruces, New Mexico, since
1956.

June 2, 1927 at San Antonio,

Degrees:

B. S.
M. S.

Ph.D.
Previous

Texas.

Texas A. & I. University,
Kansas State University,
Kansas State University,

1949.
1954.
1956,

Career:

1949-1950

Assistant Agronomist, Southwest Foundation
and Education, San Antonio, Texas.

1953-1956

Research Assistant,
Kansas.

1956

Agronomist, Southwest Foundation
San Antonio, Texas.

Kansas State

University,

for Research
Manhattan,

for Research & Education,

Relevant and Recent Publications:
1969

Chemical composition of tobosa grass collected by hand-plucking
and esophageal-fistulated
steers.
J. of Range Mangt. 22:155-159.

1969

Chemical composition of the diet of cows grazing on arid range.
Proceedings Wes. Sec., Am. Soc. Ani. Sci.
20:355-360.
An abstract
of this paper appeared in J, An. Sci.
28:868.

1969

Effects of high temperatures on emergence and initial
of range plants.
Agronomy J. · 61:621-624.

1969

Moisture and temperature effects on emergence and initial
of range plants.
Agronomy J,; 61:628-631.

1969

Grazing management on semidesert ranges in southern
Abstract, Arid Lands in a Changing World, n.p.

1969

Performance of Herford and Santa Gertrudis cattle on an arid
New Mexico range.
Abstract, Arid Lands in a Changing World,
n.p.

1969

Grazing management on semidesert ranges
Jornada _E~perimen~~l R~nge_ _Rep.9f_t;__
}l'_~,

1969

Chemical control of mesquite as influenced by rate of 2,4,5-T,
carrier
type, and volume and type of l'lirt:r,,Ct.
Weeq_Sci. __Soc.
of Am. Abstract No. 63.

in southern
13 pp.

growth
growth

New Mexico,

New Mexico.

rarlto~

~

"nrbel

(continued)

·2

1969

Evaluation of herbicide
treatments for the control"of
creosotebush
(Larrea tridentata)
.. Research Progress-Report
Wes. Soc. Weed
Sci .. pp. 26-27.

1969

Herbicide evaluation
studies for the control of tai:bush (Floursnsia
cernua). • Research Progress Report Wes. Soc. Weed Sci.
p~.---

1969

Evaluation of aerial
(Larrea· tridentata).
Sci.
pp. 27-28.

1969

A quantitative
ecology of the Jornada Exper:l.in~~~ai Range. Manuscript
prepared for the Ford Foundation Worl:,{shop,"Modeling the Jornada
Ecosystem," at Albuquerque, New Mexico, June,l~-27,
1969. 98 PP•

1969

Recovery of chromic-oxide administerEEd i.n pi3.per to grazing
J. An. Sci.
29(2):351-364.

1970

Control of mesquite, creosotebush,
and tarbush on arid rangelands
of the s,outhwestern United States .. Proc·eedin'gs XI International
Grassland Congress

1970

Chemical composition
Jornada Experimental
Station Bulletin

1970

Environmental modification
for seedl:ing establishment.
Symp_osiumon Grass Biology and Utilization
(Invitational
presented at Riverside.)

treatments for the control of creosotebrush
Research Progress Report Wes. Soc, Weed_

,,•.

steers.

of forage species- grazed by··cattle
on the
Range. New Mexico Agricultural
Experiment
Proceedines,
paper

Name: M. Hironaka
Present
Born:

Position:

Assoc. Professor
of Idaho

August 9, 1926, Berkeley,

Degrees:

Previous

Range Management, University

California

B. S., Utah State Agricultural
College,
M. S., University of Idaho, 1954
Ph.D., University of Wisconsin, 1963

1962

Career:

-- - - --l-9-54---l-9--59-Bn-i:-ve-rs-H-y-o-£-Ic:l-a-ho-,
Ass-t-.-Range-EG0-1eg-i-s-t
~------------1959-l967 University of Idaho, Asst. Professor of Range.
1967-present,
University of Idaho, Assoc. Professor Range.
Relevant

and Recent Publications:

1961 The relative
medusahead.

rate of root development of cheatgrass
Jour. Range Mgm't. 14:263-267

and

1963 Plant environment relations
of major species in sagebrush-grass vegetation of southern Idaho. Ph.D. Dissertation,
University of Wisconsin
1963 Secondary succession
Ecology 44:810-812.

in annual vegetation in southern
(with M. and E.W. Tisdale.)

Idaho.

1964 Soil properties
affecting
the distribution
sagebrush co'ffltnunities in southern Idaho.
Spec. Pub. #5, 230-236.
(with Fosberg)

of big and low
Amer. Soc. Agron.

1965 An area of pristine
vegetation in Craters
Monument, Idaho. Ecology 46(3):349-352.
Forsberg)

of the Moon National
(with Tisdale and

1969 The sagebrush

region

in Idaho--a

management.
Univ. IdahQ Agri.
Tisdale
and Fosberg)

problem in range resource
Expt. Sta. Bull. 512. (with

Name: Harold F. Hirth
Present
Born:

Position:

Associate
of. Utah.

Professor

December 6, 1932 at Rockville,

Degrees:

Previous

of Biology,
Connecticut.

B.A., University
of Connecticut,
1954.
M.S University of Connecticut,
1958.
Ph.D., University o·~ Florida,
1962.
Career:

1962-1963

'
Interim

1963-1968

Assistant

Professor,

University

of Utah.

1968-

Associate

~rofes_sor,

University

of Utah.

Relevant

University

Assistant

Professor,

University

of Florida.

and Recent Publications:

1959

Hirth, H.F.
Small mammals in old field
Ecology 40:417-425.

succession.

1960

Hirth, H. ·F. The spermatozoa
bats ., and rodents.
J. Morph.

1961

Carr, A. ~nd H.F. Hirth.
Social facilitation
green turtle siblings.
Anim. Behav. 9:68-70.

1962

Carr, A. and H.F. Hirth.
The ecology and migrations
of sea turtles,
5. Comparative features of isolated
green turtle colonies.
Arner. Mus. Novitates No. 2091
42 'P•

1962

Hirth, H.F.
Cloacal
hawk,sbill sea turtles.

1963

Hirth, H.F.
Food of Basiliscus
tropical
strand,
Herpetologica

1963

Hirth, H.F.
Some aspects
1.fillana ifillana on a tropical

1963

Hirth,
beach.

1964

Hirth, H.F.
Observations
Bothrop§ __?tr..9~, in coastal
453-454.

of some North American
106:77-83 .
r
in

temperatures
of the green and
Copeia (3): 647-648.
plumifvons
18:276-277.

on a

of the natural history of
strand.
Ecology 44:613-615.

H.F.
The ecology of two lizards
Ecol. Monogr. 33~83-112.

on a tropical

on the fer-de-lance,
Costa Rica.
Copeia (2):

Harold F. Hirth

(continued)

1965

Hirth, H.F.
Temperature preferences
of five
species of Neotropical lizards.
Herpetologica
20:273-276.

1966

Hirth, H.F.
Weight changes and mortality
of three
sµecies of snakes during hibernation.
Herpetologica
22~8-12.

1966
____

Hirth, H.F.
The ability
of two species of snakes
t,o-1.eturn_to_a_hi~erna_c11111m_af_t_er_dis_p_lac.._,e""m"'e..._n._,t....,.~___..T'""h
Southwestern Natur.
11:49-53.

1966

Carr, A., H.F. Hirth and L. Ogren. The ecology and
migrations of sea turtles,
6. The hawksbill turtle in
the Caribbean Sea. • Amer. Mus. Novita tes No. 2248, 2 9 p.

1968

Hirth, H.F.
Report to the Government of the People's
Republic of South Yemen and the Seychelles Islands on
the green turtle resource of South Arabia and the status
of the green turtle in the Seychelles Islands.
Rep.
FAO/UNDP(TA)2467. 59. p. FA01 Rome.

1968

of snakes
Hirth, H.F. and A. King. Biomass densities
Herpetologica
24:333-335.
in the cold desert of Utah.

1969

Hirth, H. F., R. C. Pendleton, A. C. King and T. R.
Downard. Dispersal of snakes from a hibernaculum in
northwestern Utah. Ecology 50:332-339.

1969

Hirth, H.F.
in different

1969

Hirth, H.F.
Marine turtles
in the Seychelles and
Aldabra.
P. 54-55 in Marine Turtles,
IUCN Publications
New Series No. 20, Merges, Switzerland.

and A. King. Body temµeratures of snakes
seasons.
J. Herpetology 3:101-102.

Hirth, H.F. and A. Carr.
The green turtles
in the
Gulf of Aden and the Seychelles Islands.
Transactions
Royal Netherlands Acad. of Sci. ca. SO pages.
In
press.

Name:
Born:

Raymond J.
August

Hock

7, 1918 at Brandon,

pegrees:

Ph.D.

Previous

Career:

Cornell

New York

University,

1950-1955

Physiologist,
Alaska.

1955-1959

Physiologist
and Chief, Physiology
Lab., USAF, Fairbanks,
Alaska.

1959-1965

Physiologist
and Chief Scientist,
Station,
University
of California,

1966-1969

Space

1969-

Professor

Relevant_

Arctic

1949

Labs,

Health

Hawthorne,
of Zoology,'

Research

Center,
Section,

USPHS, Ancho:rnge,
Arctic

J\crom<c?oiC"'al

White Mountain Research
Ilishop,
California.

California.
University

of Nevada,

Las VegAs.

ansl__g_ecent Publications:

1950

Adaptation
to cold in arctic
and tropical
mammals and birds irr
relation
to body temperature,
insulation,
and basal metabolic
rate.
Biol. Bull.
99:259-271.
(With Scholander,
Walters,
,T·.d
Irving.)

1951

The metabolic
101:289-299.

rates

1953

Modification
for use with

of the
larger

1953

Studies
on the physiology
of frozen plants
Arctic.
J. Cell.
Comp.. PhysioL , (Suppl.
Scholander,
Flagg, and Irving.)

1960

Seasonal variations
squirrels
and black
124:155-169.

1965

The care and use of hibernating
Methods of Animal Experimentation.
Academic Press.

1966

Effect of altitude
on oxygen consumption
of deer roii>~; rel.-·. i1_;:.
('.45.::1
of temperature
and season.
Can. J. Zool.
4:365-37G.
Roberts).

1967

Temperature
in southern

effect
Chile.

and body temperatures

Scholander
animals.

of bats.

Biol.

Bvi.1..

plastic
semimicrorespirometer
Rev. Sci. Instr.
24:L155-457.
and animals
1) , 42: 1-56.

in t:.he
(With

in physiologic
functions
of Arctic
graur.l
bears.
Bult. __H_aryard Mus , C::imu. Zoo 1.
mammals. In:
Gay, W, I .. Ed .. ,
Vol. II:273-331.
1',ew Gr~:

on breeding
0f the toad,
Copeia
1967:227-230.

Bnfo varief_::>t

1

1'.·_,

.....
:.i.--rro,,r.'.,r.

11

ock (continued)

2

1969

Thermoregulatory variations
in high altitude
hibernators
in relation
to ambient temperature,
season, and hibernation.
Fed. Proc.
28:1047-1052.

1970

The physiology

of high altitude;

Scientific

Americar

222(2):52-62.
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1935 at Mirzapur,

India.

' .
B.A., Asbury College,
Jentucky,
1958.
M.S., Columbia University,
1960.:
Ph.D.,
University
of New Hampshire,
1966.

Career:

1960-1962

Parasitologist,
United
Kathmandu, Nepal.

1962-1964

Assistant
Nathaniel
Hampshire.

1966-1968

Special
Instructor,
Western
WestrninsteT,
Maryland.

Professor
Hawthorne

Mission

Hospital,

and Dean of Women,
College,
Antrim,
New
Maryland

College,

Name:

Karl E. Holte

Present

Position:

Assistant
Professor
of Botany,
Idaho State University.

Biology

Department,

Born:
_!)egrees:

Previous

B. A.
M.A.
Ph.D.

Augustana
University
University

1954.

Career:

195 7-1960

Teacher,

Jr.

1960--1961

Graduate
Iowa.

Teaching

1961-1964

Summers Research

1961-1964

Graduate

1965-

Instructor,

1965--

Ass1sta.,t
Idaho.

Relevant

College, Sioux Falls,
South Dakota,
of Northern Iowa, 1Q61.
of Iowa, 1966.

High Sci.

& Hath,

Assistant,
on calcareous

Teaching
Botany,
Professor

Assistant,

Sioux Falls,

Biol.

Sci.•

South Dakota.

University

of Northern

fens of NWIowa.
Botany,

University

of Iowa.

University

of Iowa, Iowa City,

of Botany,

Idaho State

Iowa.

University,

and Recent Publications:

Discovery of a calcareous
Iowa Acad. Sci,
69:54-60,

fen complex in Northwest
(With R..\{"· Thorne)

Iowa.

Proc.

Pocatello,

Name: Volney W, Hmrnrd, Jr.
Present
~:

Position:
April

Degrees:

Professor,.

New Mexico· State

University

9, 1941

B. S.
M. S.

Ph.D.
Previous

Assistant

Texas A&MUniversity,
1964
New Mexico S_tate University,
University
of Idaho, 1969

1966

Cftreer:

1964-1966

Research

1966-1969

University

1969-Present

Assistant

Relevant

~ecent

~n~

Assistant,
Research
Professor

New M~xico State
Fellow,

University

University

of Idaho

, New Mexico State

University

Publications:

1965

A survey of 50 state game agencies in regard to some specific
policies.
Proc. 4th Annual Meeting, New Mexico-Arizona
Section of The Wildlife Society.

1966

An observation
Mamm.. 47(4):

1967

Identifying
fecal
31(1): 190-191

1969

Construction
tailed deer.
Soc.

1969

Behavior of white-tailed
deer witlJJ.p. three northern Idaho
plant associations.
Q!..§.§~_rtation l11bstb1ets(in press)

of parturition
708-709

in the pronghorn

groups by pH analysis.

antelope.

J Wildl.

l•

l'!g~J:.•

of radio transmitters
an4 radio-tracking
whiteProc.
Inland Empire Sect.
NW_
Bird an~ M~l!l.lfu_

Name:

Ting H. Hsiao

Present

Position:

Born:

February

~=

B. S.,

Taiwan,
M. S.,

Ph.D.,
Previous

Assistant

Professor

of Zoology,

Utah State

University

6, 1936
Taiwan Provincial
College of Agriculture,
China,
1957
University
of Minnesota,
1961 ; ,J
:.' ~
University
of Illinois,
-~·J966_;,

Career:

1966-1967
1967present

Research Associate,
of Illinois

Department

Assistant
Professor,
Department
University,
Logan, Utah

of Entomology,

Univ.

of Zoology,

Utah State

Rel~_y..9.ntand Recent Publications:
1966

Seasonal history
and host synchronization
of Lydella
gtisescens
(Diptera:
Tachinidae)
in Minnesota.
Ann.
Entornol. Soc. Amer. 59: 125-133 (with Holdaway)

1966

Ecological
and physiological
adaptations
in insect parasitism.
Entomologia ExpL & Appl!.·· 9: 113__
-123 (':l:ith_
J:loldaway_ and Chiang) ••.·•

1967

The host plant specificity
Leptinotarsa
decemlineata
27: 2917-2918

1968

The influence of nutrient
chemicals on the feeding behavior
of the Colorado potato beetle,
Leptinotarsa
decemlineata
(Coeoptera:
Chrysomelidae).
Ann Entomol. Soc. Amer. 61:
44-54.
(with Fraenkel)

1968

The role of secondary plant substances in the food specificity of the Colorado potato beetle,
Ann. Entomol. Soc.
Amer~ 61: 435-493
(with Fraenkel)

1968

Isolation
of phagostimulative
substances from the host plant
of the colorado potato beetle, J&ptinotarsa
decemlineata
(Say).
Ann. Eptomol. Soc. Amer. 61: 476-484

1968

The selection
and specificity
of the potato beetle for
solanaceous and nonsolanaceous
plants.
Ann Entomol.
Soc. Amer. 61: 483-503
(with Fraenkel)

1969

Adening and related
substances
as potent fe'=ding stimulants
for the alfalfa
weavel.
J. of Insect Physiclogy.
15:17851790

1969

Insect hormones:
of Hymenoptera.

of the Colorado potato beetle,
(Say).
Dissertation
Abstract

Their effect
Life Sciences

on diapause and development
8: 767-774 (~ith Hsiao)
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Research
Utah State University
Born:
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Degrees:
Previous

Utah Water Resecrch

Lnboratory

18, 1933 at Mesa, Arizona
B. S.,
Ph.D.,

University
Utah State

of Idaho, Moscow, Idaho.
University,
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Career:

1961-1963

Agricultural

1961-1965

Graduate Assistant,
Logan, Utah

Relevant

Engineer,

Engineer

(research)
Civil

ARS-USDA, Boise,

Engr. Dept.,

Utah State

Idaho
University,

and Recent Publications:

1965

Curve fitting
by minimizing the sum of squared
Multilithed
Report.
<~·1ith Jeppson)

orthogonal

dcvi~tion

1967

Discussion
of one-dimensional
infiltration
into homogeneous soil
by Yu-Si Fok and Vaughn E. Hansen. Journal of the Irrigation&,
Drainage Division,
ASCE, Vol. 93, No. IRl,
(with Christiansen
and Jeppson)

1967

Methods of estimating
mean annual water
hydrologic data.
Proc. of International
Peace,
(with Bagley and Jeppson)

1967

Estimating water yields in UtDh by principal
component analysis.
Utah Water Research Laboratory Report No. PRWG35a- 1, (with
Wang)

1969

Hydrologic atlas
No. PRWG35- 1,

1970

Simulation
of river basin hydrology - water -quality in time and
sp.:ice. UtDh Water ReseDrch Laboratory Report No. PRWG67- 1.
(with Dixon,
l-JQnndcks
and Bngley)

yield in areas of lin.1ited
Conference on Water for

of Utah.
Utah \foter Research Laboratory Re:.:io::-t
(with Jeppson, Ashcroft,
Skogerboe and Bagley)

~:

Ellis

Present

Position:

~:

September

Regrees:

Professor

Relevant

of Entomology,Texas

Tech

10, 1935 at Knapp, Texas.
College,
1958
1960

1956

Career:

1956-1960
1960-1965
1965-1966
.. --p._

Associate

B. S. Texas Technological
M. s. Cornell University,
Ph.D .. Cornell University,

Previous

·-t·TO---..,-r-

W. Huddleston

••

Research Assistant,
Assistant
Professor,
Associate Professor,
---

Cornell University
Texas Technological
Texas Technological

College
College

and Recent Publications

1963

Multipurpose
rrodification
of 'pllaya .tiinks, "Section on Biology"
Project Number 29, Division of Water Supply and Pollution
Control, U.S.P.H.s.,
Third A~nual Report. 1-114 (With Donald
Ashdown, C.R. Ward, and D. Morris)

1967

New findings
fields.

1968

on a..1t species

P.R.I.

News.

and their

distribution

in Pineapple

15:54-59

Some effects of the .big-beaded ant on populations
of the
pink sugar cane ·mealybug. J. Econ. Ent, 61:474-477
(With S.S. Fluker, and J W. Beardsley)

.

1968

An unbreakable disposable
339 (With S.S.Fluker).

aspirator.

1%~

Studies of the onts of Hawaii.
(in press)
(With S. S. Fluker)

1968

Pictorial
Soc, (in

J. Econ. Ent.

Proc. Hawaiian Ent.

61:338Soc.

·~y to the ants of Hawaii.
Proc. Hawaiian Ent.
(With t-.. A. La Plante
and S. S. Fluker)

proRs)
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R. Hungerford

Position:

Born:

April

Degrees:

Professor of Biological
Science and Assistant
Leader, Arizona Cooperative Wildlife Research
Unit, University
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B. S., University
of Idaho, 1948
M. s., Montana State University,
1952
Ph.D., University
?f Arizona, 1960

Previous

Career:

1948-1950

Assistant
Ranger (Forester)
ern Idaho

1952-1963

Instructor,
later Assistant
Professor
sity of Arizona, Tucson, Arizona

1969

Associate Professor Wildl
Idaho, Moscow, Idaho

Relevant

U.S. Forest

i. fe

Service,

south-

of Zoology.

Management,

TTniversity

lTnivcL-

of

and Recent Publications:

1962

Food selection

1964

Vitamin A and productivity
in Gambels quail
Management 28(1): 141-147

1965

Use of reseeded forest and meadow by Kaibab mule deer.
30th NA Wildlife Con£.

1966

Seasonal food selection
life Management 29(4):

of Arizona Mearns quail .. Jour.
813-81.9 (with Bishop)

1968

Arizona
Hipply)

Prog .. A_g_ric. in Arizona

pocket

by Gambel quail

gopl1E>L·.s.

Condor

May-June
Jour.

Wildlife

(with

Trans.
Wild-

Na~:

Donald R,, Johnson

Present

Position:

Born:

Associate Prof~~.~or of Biology,
Moscow, Idaho

University

of Idaho

August 18, 1931 at Newport, Washington

Degrees:

B. S., University of Idaho, 1953
M. s., University of Idaho, 1958
Ph.D., Colorado State University,
----------------------------------------

-----

Previous
1953-1956
1961-1965
1965-1968

Relevant

1962

Career:
Active duty, United States Navy
.
Assistant
Prof. of Biology, Fort Lewis College, Durango, Colo,
Associate Professor of Biology, Minot State College, Minot, N.Dak.
and Recent Publications:

1961

The food habits of rodents
Ecology 42:407-410

on rangelands

of southern

1964

Effects of range treatment
Ecology 45:241-249

with 2 ,1:-D on food habits

1966

Diet an( estimated energy assimilation
American Midland Naturalist
76:504-509

1966

Energy dynamics of Colorado pikas.
(With M. H. Maxell)

1967

Diet and reproduction

1968

Coat-color polymorphism in North Plains
Canadian J. ,;:,:_"~2oology 46 :608-610.

1969

Effects of range treatment with 2,4-D on rodent populations.
J. ,;,• Wild life Management 33: 125-132.
(With R. M. Hansen)

1969

Returns

of three

Idaho.
of rodents.

Colorado lizards.

Ecology 47: 1059-1061.

of Colorado pikas.

J. ·,~f}tammalogy 48:311-315.
red fox populations.

of the American Fur Company, 11335-1839.

J. ••:'Mamrnalogy

50: 836-839,
.....

Bioenergetics
of North Plains
(With K, Groepper) (in press)

rodents.

American Midland Naturalist

~:

Roy Melvin Johnson

Present Position:
Department of Botany and Microbiology,
University,
Tempe, Arizona
Born:

September 8, 1926 at Chicago,

Degrees:

B. A.
M, S.

Ph.D.
Previous

University
University
University

Arizona State

Illinois

of Chicago, 1949
of Chicago, 1951
of New Mexi~o, 1955

Career:

1951

Teaching Assistant-(Medical
bacteriology)-University
of
Chicago (3 months)
1952
Research Assistant
- (Amoebtasis and enter'ic bacteriology)
University of Chicago clinics (Under Dr. Ross Benham)
1952-1953 Instructor,
Biology, Arizona State University
1953-1955 Research Assistant
in Bacteriology at the University of New Mexico
1955-1959 Assistant
Professor of Microbiology at Arizona State University
1959-1965 Associate Professor of Microbiology at Arizona State University
1965
.Professor of Microbiology at Artzona State University
1959
Lecturer in Microbiology at i-.r~•wna Academy Visiting,
Scientist
program
1961 sum. NSF Institute
R~~iation Biologr at University of Rochester
1962
Assoc, Director NSF Summer Institute
at Univ. of Indiana
1963-1964
Assoc. Director
NSF Summer Inst.tute
at Univ, of Colorado
1964
Associate
Director
NIH
Training
~rant
•
I
1963-1964 NIH Post Doctoral Fellow, Bacteti~l Genetics at Indiana Univ.
1964 3mos Sc ient is t, 8th Cruise Ind i.gn Oce:m Expedition
1965
Lecturer NSF Summer Institute
at \ti.zona State University
1966-1969 Director Arizona Academy Visiting Scientist
and High Schc:>'ol
Cpnsulting program
1966
Consultant at Good Samaritan Hospi~l bacteriology
laboratory
1968-196~ Visiting Scientist
at Wellcome Mari;e Labo.ratories., University
of Leeds, Fall Semester
I

.

1

•

I?ublications;
1951

Present status of the enzymatic theory for t1e initial
ph8se
of cellular
infection
by animal viruses.:
Un:.v. of Chicago,

1955

The minimal nutritional
requirements
Shigella dysenteriae
I. Dissertation

1957 A medium for Shigella dysenteriae
J. Bact,. 74(3) 411-412.
1957

of severa.
Abstracts

under anaerobic

strains of
Pub. No. 13,~86 p. 1609
co:iditirmf.

Failure to induce allergic
response ih guinea pigs with scorpion
venom. ~llergy
28(6) 540-541 (With Diane S. )ord and
Edward S. Ornelas) ...

1958 The use of bacteria
in high school biology.
Teache..!, 20(2) 41-42

The Amer..:....fil£~•

Roy Melvin Jbhnson

1958

(continued)

Failure to induce allergic
response in guinea pigs withscorpion
venom. Rev. Allergy and App. Inununol. 12(1)
(With Diane S. Dord
and Edwards. Ornelas)

1958 Medical Education and Arizona. Arizona State Collese 74 p.
1959 The two year medical school.
Arizona Medicine 16(4) 288-292

1959 Who is interested?

Science

Education

43(5) 450-452

1960

Proposed phylogany and gene flow in the family Bacillaceae.
Inter. Bull~ct.
Norn. and Taxon. 10(3)

1960

Chromatographic
(3431) 895~896

1961

The effect of periodats
for the Bacill.~s genus.
(With Carl E. Cords)

comparison of scorpion venoms.
(With Herbert L, Stahnke)

1961

stage

in the Phoenix area.

in the genus Bacillus.

Nutritional
requirements
-~grey.§. in microculture.
Gilda)

132

on sporulation
in a synthetic
medium
_J. Ariz. Acad. Set~ 1(4) 116-118

1961 An analysis of staphylococcus
types
Arizona_Medicine
1.8(2) '4-6-48.
1961 The large cell
82(3) 418-424.

Science

J. Bacteriol.

of growth and sporulation
for .~acillus
Bacteriol., Proc. p. 75 (With .Gayle

1963 An apparatus for ·continuous synchronization
of growing cultures.
Canadian J. Microbiol.
9:907-909
~~ith John Larkin).
1964

1-sarine
'lnhibition
Acad. Sci. 3:37-38

1964 Experiments
26:277-281

of a strain of B. ce.reu.s,
(With John Larkin).

in bacterial

,s!cology.

J. Arizona

Amer. Biology Teacher

1964 Microculture
Studies on B, cereus. Trans .. Amer. Microscopical
§.££., 33:226-233
(With Gayle Gilda)
1964

Effect of streptomycin
sensitive ·cacteriophage
D. Brock).

on the physical properties
of a SteptomycinProc. _Microbiol, p. 119 (With Thomas

1965

Physical and chemical properties
of a bacterial
virus as related
to its inhibition
by streptomycin.
Virology 35:435-453
(With Thomas D. Brock and W, B~ DeVille).

1966

Characterization

of a marine bacteriophage.

Bacterid.

Proc.

p. 21

Roy 111.elvinJohnson (continued)
····· ·......

1966 Marine species of Hyphomicrobium~ Bacteriol,Proc.
William P. Weisrock)

P. 22

(With

1967

Effect
of incubation temperature on enzyme production for
lysine decarboxylase
and cytochrome oxidase tests.
Amer.
Jour. Med. Technol. 33(5) 1-4

1968

Characteristics
of a marine Vibrio-bacteriophage
Jour. Ariz. Acad. Sci. 5(1) 28-33

1968

Correlation·of
taxonomic c:iteria
for a collection
of marine
bacteria.
Applied Microbiol.
16(5) 711-718 (With Mary E.
Katarski and William P. Weisrock)

system.

;:,:,

1968 The characteristics
and ecological
distribution
of marine
bacteria
isolated
from the Indian Ocean. Limnol. and
Oceano1rraphv 13~656-664 (With. Rosemary Schwent and Wesley
Press)
1969 .HYPhomict;o.l?i.Ym
lrui.i.s;JIDl_
sp. Nov. Interm.
(With William P. Wesrock)
J:969

Growth of indfgenous
5: 240-242.
•

bacteria

·in desert

J. System. Bact.
,soil.

J. Ariz.

19;295-307.
Sci.

1970 The Bacteria of a sandy beach as an ecological
factor affecting
the interstitial
gastrotrich
Tur,banella hxali~~ schultz.
J. Exper. Marine Biology and Ecology n:rith John Gray) (in press)

~:

;Clive

Present

D. Jorgensen

Position:

Born:

July

Degrees:

Previous

Associate Professor
of Zoology and Entomology
Brigham Young University,
Provo, Utah

14, 1931 at Orem, Utah

B.Sc.,
Brigham Young University,
1954
M.Sc.,
Brigham Young University,
1957
- Ph. D.---,---Oregen Sta-t-e Uni v.ers it-¥-,-1964
C<e1reer:

Assistant,
U.S. Army, Dugway, Utah
1955-1956 Biological
Brigham Young University
1956-19::i7 Research Assistant,
Oregon State University
1957-1960 ~unior Entomologist,
1960-1963 Research Associate,
Brigham Young University
1963-1969 Assistant
Professor
of Zoology and Entomology from 1963 to
1967> Associate Professor
from 1967 to 1969
1963
Attended the Radiation Ecology Institute
at
Oakridge, Tennessee
Attended the Seminar .on .adaptations
for desert life
1966
Re_le-yant_clt?,_d
~:e~~~t. P_u_b_l_i_cations:
1963

Spatial and time distribution
Hall and Dale within distinct

of Di.EQ_<!2!!!}r~
micr~s
occidental is
plant communities,
Ecology 44:183-187

1963

Some effects
of an underground
communities at the Nevada test
Sci, and Letters
40:49-60.

1963

The application
of the density probability
function to determine
the home ranges of Uta stansburiana
st-aosburiana and Cnemidophorus
ti!ris
tigris.
Herpetologica
19:105-115.

nuclear detonation
on biotic
site.·
Proc. Ut. Aca. Arts 1

1965 Mammals of the Nevada test site,
Brigham Young Univ. Sci.
VI (3) :81 p. (With C. L. Hayward).
1967

Ecology of Utah apple mites:A •statement of the problem.
Ut. Acad. Sci.lArts 1 and Letters 44:265-274,

1968

Home range as a measure of probable interaction
of small mammals. J. Mammal. 49:104-112,

1968 Mites of Crataegus and Amelanchier
J. Econ. Entomol. 61:558-562.
1968
1969

Spatial relationships
in southern Nevada.

in Hood River,

Bull.
Proc.

among populations
Oregon.

of Perognathus longimembris (Coues)
Proc. Ut. Acad. S_C:,L,Arts and _Letters

45:118-125.

:ife.history
of Typhlodroffius mcgregor·chant
(Acarina:Phytnseii<laP)_
.~nn. Entomol. Soc. Amer. 62:1261-1267
(With B. A. Croft)

Nnme:

Jerome J. Jurinak

Present
ro~n:

Position:

Professor

of Soils

n. s.

Colorado Stat~ University
Fort Colliµs,
1951
Utah State University,
Logan, Utah, 1954
Utah State University,
Logan, Utah, 1956

M. S.

Ph.D.

1956-1967 Research Soil Chemist,
1 967-present
Professor of Soils
1

Utoh Sto.te University

June 3, 1927

f'egr0es:

H0

o:id Meteorology,

~

University
of California,
Meteorology, Utah State

Davis
University,

Logan

'=v:mt and Recent Publicotions:
1956

Jurinak, J, J. and N.. Bauer'. Thermodynnrui(;s of zinc adsorption on calcite, dolomite and magnesite-type
minerals.
Soil Sci, Soc~fomer!_?~0c~
20: 466-471

1957

Jurinak, J, J, and D.·H. Volmon, Application
of the Brunauer,
and Teller equation to ethylene dibromide adsorption by soils.
Soil Sci. 83:487-496

1957

Jurinak, J. J. The effect
the atlsbrption of ethylene
212'599-602

1959

Jurinak, J. J. and D, H. Volman. Adsorption of n-butane
montmorillonite:
Phase changes in' the monolayer region,
~23: 25-28.

of clay minerals
dibromide vapor.

Emmitt

and exchangeable cations on
Soil Sci. Soc, Amer, Proc.
by kaolinite
and
Soil Sci. Soc.

I

1963

Jurinok, J. J. Multilayer
aqs~rption
Soc. Amer. Proc.
27:269-272

1965

Juri.nak,J.
J, and T. S, Inouye.
Maosurement of vapor adsorption
surface area of soils by a flow technique,
Soil Sic, 99:289-294

1967

Jurinak, J, J,and R. G. Aurau. Heat of immersion studi_~s··on aniontrec.ted
ferric. oxiclc,
_So~l_Sc_i__!
__Soc. Amer. Proc.
31:

~f water by knolinita,

.'
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James 0. Klemmedson

Present

Position:

Born:

Department of Watershe<d l"ianag,~rr.:?nt,
of Arizona, since July 1966.

August 20, 1927, at Fort Collins,

Degrees:

Previous
----

Professor,
University

Colorado.

B. S. University of California,
Berkeley,
M. S. Colorado State University,
1953
Ph. D. University of California,
1959

1950

Career:

--r9s-o--;;r95-1-ron

ConservafioilSet'vice

1951-1952

Inst. in Forestry and Range Conservationist
on Colo.
Agri. Exp. Station Staff, Colorado State Univ.

1952-1953

Research Asst.

1953-1955

Inst~.

1955-1959

Research Asst.
of California,

1959-1966

Range Scientist
and project leader of range and wildlife habitat research,
Intermountain Forest and Range
Exp. Station, Boise,Idaho

School of Forestry,

in Forestry,

Colo~ State Univ.

Montana State Univ.

in Soils and Plant Nutrition,
Berkeley

Univ.

..R~l~yant and Recent Publication!!:
i962

Effect of ~rescribed burning of forest litter
on total soil
nitrogen.
Soil Sci. Soc. Amer. Proc. 26(2):200-202
(with
Schultz, Jenny and Biswell)

1963 Use and measurement of site factors and soil properties
in evaluation of range site potential.
In: Range Research
Methods. Misc. Puhl. No. 94
r. Fors. Serv.
pp. 68-77
1964 Topofunction of soils and vegetation, in a range landscape
Amer. Soc. Agron. Spec. Puhl. No. 5, Forage Plant Physiology
and Soil-Range Relationships,
pp. 176-189
1964 Cheatgrass (Bromus tectorum L.)
226-262 (with Smith)

The Botanical

Review 30(2)

1965 Effect of fire on bunchgrasses of the sagebrush-graearegion
in southern Idaho. Ecology 46(5):680-688 (with Wright)
1966 Nitrogen availability
in Cnlifornia
precipitation
and parent material.
215:222,
(with Hans)

soils in relation
to
Soil Science 102(4)

James O. Klemmedson (contiuucd)
1968

Cheatgrass
range in southern Idaho:
Seasonal cattle
gains
and grazing capacitie8 . .Iour. Range Mgt. 21(5):303-313
(with Murray)

1969

Response of bitterbursh
seedlings
to nitrogen
and moisture
on a granitic
soil.
Pr0c. Soil Sci. Soc. Amer. 33(6):962-966
(with Ferguson)

1970

Needs for soi 1 information
Jour. Range Mgt. 23(2):(in

1970

Behavior of fistulated
Range Mgt. (in pre;ss)

in the o~magement of range resources
press)

steers on a desert grassland.
(with'Zemo and Tesfay)

Jour.

Name:
Present

Lionel

Garland

Position:

Klikoff

Assistant
of Utah

Professor

of Biological

Born:

March 27, 1937, at Santa Monica, California.

Degrees:

B.A.
M.S.
~Ph.D.

Previous
1963-1964
1964-1967
1967-1960

Sciences,

University

University
of California,
Los Angeles, 1958
Washington State University,
1960
Dulre7Jniversity,
f9o3-----~--------~---------

Career:
Assistant
Assistant
Assistant

Professor
Professor
Professor

of Botany,
of Botany,
of Botany,

Arizona State University
Ohio State University
University
of Utah

Relevant

and Recent Publications:

1964

The toxicity
of beta vulgaris
fruits
of grass fruits
and as an autotoxin.

1965

Photosynthetic
response to temperature
and moisture stress of
three timberline
meadow species of the Sierra Nevada. Ecology
46:51"--517

1965

Microenvironmental
influence
of vegetational
pattern near timberline
in the central
Sierra Nevada. Ecol. Monographs 35: 187-211

1966

Competitive response
the Sonoran Desert.

1966

Temperature dependence of the oxidative
rates
in Danthonia intermedia,
Penstemon davidsonii,
Nature 212:529-530

1967

Moisture stress
in a vegetational
continum
Amer. Midland Naturalist
77:210-217-

1968

Temperature dependence
several plants species

1969

Temperature dependence of mitochondrial
oxidative
rates in relation
to plant distribution.
p. 263-269.
In;C. C. Hoff and M. L.
Tiedesel
(ed.), Phy~tglogical_ System~~n Semiarid ;E11vi!-"011_m_ent_§_.
Univ. New MeY-ico Press, Albuquerque.

as an inhibitor
of germination
Northwest Science 38:43-51

to moisture stress of a winter annual
Amer. Midland Naturalist
75:383-391

of

of mitochondria
and Sitanion hystr:fx.

in the Sonoran Dese'-t,

of the mitochondrial
oxidative
rates of
of the Sierra Nevada.
Bot. Gazette 129:227-2]0

Name: George·.~ .. ~11owlton
Present

Position:

Born:

Professor of Entomology, Emeritus, Departr.icnt
.of Zoology, Utah State Univ•ersi ty, Logan, Utah

July 28, 1901, Farmington,

Utah

Degrees:

~- S. Utah State University,
M. S. Utah State University,
Ph.D:.Ohio State University,

Previous

Career:

1923
1925
1932

1922-1924

Research Assistant,

Utah State

University

1924-1925

Teaching Assistant,

Ohio State

University

1925-1926

Teaching Assistant,

University

of Minnesota

1925-1930

Assistant

Entomologist,

Utah State

University

1930-1943

Associate

Entomologist,

Utah State

University

1943-1967

Extension Entomologist
of Entomology

1945-1967

Pr.ofessor

of Entomology,

Utah State

1967

Professor

of Entomology,

Emeritus

1967

Research on alfalfa
insects,
Utah State
and Extension Entomology--publications.

1968-1969

Extension

1969

USU--Ecology Center--

Relevant
1932

and Research Associate

Professor

University

University

Entomologist
Arthropod

Survey--Curlew

Valley

and Recent Publications:

Studies on the beet leafhopper in northern Utah, Utah Agr.
Exp. Sta. Tech. Bul. 234, 64pp. Abstr. Dr. Dissertation,
Ohio State Univ. 8:205-206

1934 Lizards as a factor in the control
Econ. Ent. 28:998-1004
1936 Lizard

aids in range insect

control.

of range insectn.
Jr.

Econ, Ent.

Jr.
29:461

control of the beet leafhopper in Utah.
1937 Biological
14:126-135
Utah Acad. Sci., Arts and Letters.

Pr0c.

1937 Utah birds in the control of certain
Utah Acad. Sci. , Arts and Letters.

Pr0c.

insect

pests.

v~~ 1s9-i66

George F. Knowlton (continued)
1942

Range lizards

1943

Grasshoppers and crickets eaten by Utah birds.
60(4):589-591
(with Marn~ton)

1946

Birds feeding
(with Roberts

1950

Insect
Utah.

l:!-S

insect

predators.

on ants in Utah.
and Weed)

food of the sagebrush
Herp. 6(2):33-34

1968 Range entomology:
(with Roberts)

Jour Er.on !-:,.-,t. 35: 602

Jr.

swift

USU-Entomology

Econ.Ent.

The Auk.
39:547-S~B

in Box Elder County of
Mimeo Ser.

133:1-7

~:

Robert H. Kramer

Present

Position:

Associate Professor,
Wildlife Resources; Leader,
Utah Cooperative Fishery Unit, Utah State University

!i2!£: :November 22, 193.0
B. S. & B. A. Bemidji State College, Bemidji, Minnesota, 1954
M. S. University of Minnesota, St. Paul, Minne·sota, 1960
Ph.D. University of Minnesota, St. Paul, Minnesota, 1961

Degrees:

Previous

Career:
Aquatic Biologist,
Minnesota Conservation Department
High School Instructor,
Gonvick Public Schools, Gonvick, Mi~n.
Research Assistant,
Department of Entomology, Fisheries
and
Wildlife,
University of Minnesota, St. Paul, Minnesota
Fishery Biologist
(Research), GS-5, Bureau of Commercial
Fisheries,
University of Minnesota, St. Paul, Minnesota
Research Fellow, Department of Entomology, Fisheries,
and
Wildlife,
University of Minnesota, St. Paul, Minnesota
Fishery Research Biologist,
Bureau of Sport Fisheries
and
Wildlife,
Utah Cooperative Fishery Unit, Utah State University,
Logan, and Assistant
Professor, Wildlife Resources Department,
Utah State University

1954
1954-1955
1955-1959
1959-1961
1961-1965
1965-1966

Relevant
1962

and·Recent

Formation
§££.

Publications~

of year classes in largemouth bass.
(With Lloyd L. Smith, Jr.)

Trans.

Amer. Fish.

91:29-41

1963

Survival of walleye eggs in relation
to wood fibers and ~haerotilus
natans in the Rainy River, Minnesota.
Trans. Amer. Fish. Soc~.
92:220-234
(With Lloyd L. Smith, Jr.).

1965

Effects of suspended wood fiber on brown and rainbow trout eggs
and alevins.
Trans •• Amer. Fish. Soc. 94:252-258
(With Lloyd
L. Smith, Jr.).

1969

A preliminary
in freshwater

bibliography
on extent and causes of early mortality
fish.
E.A.Q...E.is.h.._~..NQ_,__307, Rome, Italy,
20 p.

1969

Life history of the Colorado squawfish, Ptychochcj]ns
luc.i.us, a:.:,t
the Colorado chub, .Gila ..robusta., in the Green River . .in Dinosa,~r
National Monument, 1964-1966.
Trans. Ame·r. Fish. S;oc. 98(2)~
- 193-208
(With C. David Vanicek)

1970

J)istribution
of Green River fishes in Utah a"d Colorado follrwin<;
closure of Flaming Gorge Dam. Southwest. Nat. 14(3) :297-315
(With C. David Vanicek and Donald R. Franklin)

Name:

John Letey,

Jr.

Present Position:
Professor
of Soil Physics
ment of Soils and Plant Nutrition,
University
~:

Ju".l" 13,

l.!.~~at Carbondale,

and Soil Physicist,
Departof California,
?,tv0.roide

Colorado

B. s., Colorado State University,
Fort
Ph.D. University
of Illinois,
Urbana,

DeP,rees:
Previous

Collins,
1959

1955

Career:
l-As.s-is-tant.-Pxo£es1> o_r_o_f_S_o_i_LE_~si~_s_,
Univer s ity_ of Ca1 if orn ia
Los Angeles

- - - - - - -1959d%

1961-1964

Assistant
Riverside

Professor

of Soil

Physics,

University

of California_,

1964-1967

Associate
Riverside

Professor

of Soil Physics,

University

of California

1967

Professor
side

of Soil

1966-1967

Sabbatical

Relevant

and Recent

Physics,

Leave - Colorado

University
State

of California,

·River-

University

Publications:

1965

Barley growth, water use, and mineral composition
as influenced
by oxygen exclusion
from specific
regions of the root system.
Agron. J. 57: 629-631 (with Richardson·. ~nd Valores)

1966

Plant responses to oxygen supply and pt:-ysical
root environment.
Soil Sci. Soc. Amer. Proc.
Rickman and Stolzy)

1967

Limiting
supply,

1968

Movement of water through
and temperature
gradients.

1969

The effect of osmotic
saturated
soil.
Soil
and Noonan)

1969

¥n"er Repe.;1l~_nt soqs,
Proceedings of the Symposium on WaterRepellent
Soils, held May 6-10, 1968, University
of California,
Riverside.
(with DeBano)

1969

Measurement of contact angle, water drop penetration
time, end
critical
surface tension,
in Water Repellent _Soils, Procee.di:1gs
of the Symposium on Wate.-Repellent
Soils.
University
of
California,
Riverside

distances
Soil Sci,

resistance
in the
30: 304-307
(with

between root and gas phase for adequate
103: 404-409
(with Stolzy)

oxygen

soil as influenced
by osr:iotic pressure
Hilgardia
39(14): 405-417

pressure gradients
on water movement in unSci_.___
Soc, Amer. Proc .. 33: 15-18 (witi'1 Kc:i!pcr

M/3.me: J.
Previous
Born:

David Ligon
Position:

February

D~grees:

Department of Biology,
que, New Mexico.

University

of New Mexico, Albu~uer.-

2, 1939, Wewoka, Oklahoma .
.University• ·ot' Oklalioria, • 1961.
University
6fiFlorida,
1963.
Univereity'.t,.'f, I:1:tc'.dgan, 1967.

B. S,
M. S.

_Ph.D.
Relevant

and Recent PublicaWons:

·•
,.

1963

Breeding range expansion
80:367-368.

of the burrowing

1964

Albinism in the scissor-tailed

1965

A Pleistocene
10:127-158

1967

Relationships
of the cathartid
vultures.
0cc. Papers No., 651, pp. 1-26.

1968

The biology
Mus. Zool.,

1968

Observations on Strickland's
Condor. 70:83-84.

1968

Sexual differences
in foraging
woodpeckers.
Auk 85:203-215

1968

Recent data on summer birds of the Chiricahua Mountains areas
southeastern
Arizona.
Trans. San Die~o_Soc._Nat. _Hist.
15:41-50.

1968

A comparative life-history
study for four species
L. D. K. Lawrence. Auk 85:700.

!

.,,:·'\:'.,

avifauna

flycatcher.

from Haile,

Florida.

Bull.

Starvation
of spri~
Condor 70:387-388.

migrfnts

l968

First

1969

Some aspects

1969

Fae tors influencing
breeding
Wilson Bull.
81:104-105

1969

A screech owl specimen from Eastern
Soc. 2:29

of the ~yrfalcon
of temperature

relations

Misc. Puhl.-

Dendrocopos stricklandi.
in two species

in the Chiricahua
in Idaho.

Fla._ St. _Mus·_.

Univ. Mich. Mus. Zool.

oodpecker,
behavior

Auk

Wilson Bull .. 76:98.

of the e.lf owl, Micrathene whltneyi.
Un_iv. Michigan .. 136, 70 pp.

1968

record

owl in Florida.

Condor

of woodpeckers-Mountains,

Oklahoma.

Ari:rnmi.

70:397.

in small owls.

range expansion

of Dendrocr.:es;s_

Auk 86:L.~S-',,:· ..

of the azure '.,1ueb::_rL1.

--

Name: Maude E. Loebeck
Pr8sent

Position:

Asoistant

Professor,

Microbiology,

Idaho State

Univernity

Born: August 16, 1916
Dcgr~:

B, A,
M. S,

Ph.D.
Previous
---

University
University
University

of Missouri,
Kansas City, Missouri,
of Kansas, Lawrence, Kansas, 1950
of Washington, S~attle,
Washington,

1938

1954

Career:

1955-59
Research Assoc,, Roswell Park Memorial Insitute,
Buffalo, New Yo,:k
- - 1959.., 63_-Re se:a-i;.ch-.l\.ssoc-.-,-Ch-i-lcl-:i;e-n...!...s-Ho-&P--ital-.,-B1.1-ffalo-,-New---Ydrl,___
________
1963-66
Asst. Prof,, Biology, Kansas State College, Pittsburg,
Kansas
R8lcvant

and Recent Publications:

1956

Loebeck, M. E. and H.P. Klein .. Substrates
for Myxococcus virescens
with special reference
to eubacterinl
fractions.
Jour. of Gen.____tlicr9bio.
Vol. 14, pp. 281-289.

1957

~oebcck, M. E. & E. J. Ordal.
The Nuclear cycle
:our. of Gen. Microbio, Vol. 16, pp. 76-85,

1959

Loebeck, M. E. Ultra-structure
of Bncill_1:1s__s_ut,tilis
Reprint Bacteria~_!- _Pi:-.9-<ceedin_g_5!,_
G-72 ___

of Myxococctis ful~~£·
during

cytomorphosis,

_

~:

Richard

Present

Position:

Born:

B. Loomis
Professor of Zoology, Califor~ia
State
at Long Beach, Long Beach, California

1925 in Lincoln,

Degrees:

1955----Relevant·and

Nebraska

B.Sc.,
University
Ph.D. , University

Department

College

of Nebraska, 1948
of Kansas, 1955

of Biology,

California

State

College

at Lc•ng Besch

Recent Publications:

1966

A new genus of mite, Hirstiella
(Acarina: Pterygosornidae)
from
the banded gecko, Coleonyx variegatus,
of western North America
J. Kansas Ent. Soc, 49:681-687 (With W. Leon Hunter)

1967

Otorhinophila,
a new genus of chiggers (Acarina, Trorobiculidae)
from western North America.
Acarologia 9:152-178
(With
W. J. Wrenn, senior author),

1968

Chiggers of the genus Pseudoschoengastia
(Acarina: Trombiculidae)
from Costa Rica.
Los Angeles Co. Mus. Nat. Hist. Contr. in
Science (150): 1-49 (With J. C. Geest, senior author).

~:

Jessop

Budge Low

Pre~
Position:
Biologist,
Bureau
~:

March 30,

Professor
of Wildlife
Resources,
of Sport Fisheries
and Wildlife
1914 at Millville,

Degrees:

B. S.,
M. S.,
Ph.D.,

Relevant

and Recent

Utah State
Iowa State
Iowa State

Utah St::ite

Univen;ity

Utah

University,
University,
University,

Logan, Utah.
Ames, Iowa.
Ames, Iowa.

1937
1939
1941

Publications:

1950

Gnme, fur animals and fish,
introductions
Dept. of Fish and Game, Misc. Publication

into Utah.
Utah State
No. 4, 85 p. (with Popov)

1953

Waterfowl
productivity
in Knudson Mnrsh, Salt
vJestern Fish and Gome Commissioners
Meeting.
p, 177-181.
(with Wingfield)

1958

Effects
marsh.

1961

Sex ratios
and age ratios
in North American ducks.
Natural_Histozy
Survey Bull. 27(6).
(with Bellrose,
Hawking)

Lake Volley,
Long Beoch,

Utah.
Cn lif.

of habitat
deteriorntion
on bird populations
of small Utah
The Condor, 60(4):
220-226.
(with Weller and Wingfield)
Illinois
Scott

I

and

~:

Charles

Present
Tucson,

Position:
Ariz.

~:

April

Degrees:
Previous

Relevant

Professor

16, 1920,

of Biology,

Los Angeles,

A. B., University
Ph.D., University

University

of Arizona,

California

of California
of California

at Los Angeles 1942
at Berkeley
1950

Career:

1950-Present

1956

H. Lowe

University

of Arizona

and Recent Publications:
Correlation
of major vegetational
climaxes with soil
characteristics
in the Sonoran Desert.
Science
112:542
(with Yang)
Problems.
Jg:
1957-59~54-74

1959

. Contemporary biota of the Sonoran D~ser.t:
University
of Arizona Arid Lands Collequia

1961

Biotic communities in the sub-Mogollon region
Southwest.
J. Arizona Acad. Sci.
2: 40-49

1963

The Saguaro:
A population
in relation
to environment.
Science 142: 15-23 (with Niering
and Whittaker)

1964

Arizona landscapes
brates of Arizona.

1967

Clienal variation
inthe surface-volume
relationships
columnar cactus Lophocereus schottii
in Northwestern
Ecology 48: 530-536.
(with Felget)

1968

Chromosomal variation
in ecotypes of Lorrea divaricata
in
the North American Desert.
Madrona 19: 161-164 (with Yang)

and habitats
University

of the Inland

(p. 1-122).
I~;the Verteof Arizona Press, Tucson
of the
Mexico.

1969

Critical
factors during the first years
(Cereus giganteus),
at Saguaro National
_J):col..Qgy 50: 825-834.
(with Steenber·g)

of life of the saguaro
Monument, Arizona.

1970

New combinations
for plant taxa in northwestern
Mexico.
J.Jrizona
Ac_ad. Sci.
6(1): 81-83.
(with Felger)

Name:

Donald C. Lowrie

Present

PoBition:

~orn:

1910 at Evanston,

Degrees:
Previous
1934-1935
1937-1941
1943-1944
1944-1946
1946
1946-1949
1949-1954
1954-1956
telcvant

Professor of Zoology, California
Los Angeles, since 1956

State

College

at

Illinois

B.Sc.,
University
Ph.D ., University

of Chicago,
of Chicago,

1932
1942

Career:
Entomologist,
Chicago Natural History Museum
Curator of Invertebrates,
Chicago Academy of Sciences
Assistant
Profesocir of Zoology, East~rn Illinois
State College
Aviation Ground School Instructor,
U.S. Navy, Pensacola, Florida
Director,
St. Louis Museum of Science
Associate Profecsor of Zoology, New Mexico Highlands U~iversity
Associate Professor
of Biology, University
of Idaho
Entomologist,
u. S. Navy, Japan, Okinawa;iand California
and Recent Publications:

1942

The ecology of the spiders of the xeric dunelands
area.
Bull. Chicago Acad, Sci, 6:161-189

1948

The ecological
succession
Ecology 29:334-351A

1953

The orb~;eavingspiders
49:846-861

1955

A list of the spiders of the Grand Teton Park Ar~a with
descriptions
of some North American Spiders.
Am. Mus. Nov.
1736, 29p.
(With W. J. Gertsch)

1963

Effects of grazing and intensive
collecting
on a population
of the green lyn:x: spider.
Ecology 44:777-781

1967

Some life history data on several species of common spiders
from the Jackson Hole area of Wyoming, Bull. So. Calif.
Acad. Sci. 66:142-146

1°6S

Spiders of the herbaceous stratum of the Jackson
of Wyoming. f;i_9rt_hwest_
Science
42:89-100

of spiders

in the Chicsgo

of the Chicago area dunes.

of the Chicago area.

Am. Mid. Nat.

Hole Region

ame:

1-"layr,ondI.

Present

Position:

l\ 1

Born:

Jan.

Degrees:

Previous

Lynn
Assistant
Professor
Utah 84321, since

of Botany,
Sent. 1°68.

1q, 1939 at Oklahom~ City,

Oklahoma,

lltah State

University,

Logan,

l~A.

ij,A. University
of Iklahoma, 1q63
PhD. Indiana University,
1968
Career:

1961-1963
Undergraduate
Research Assistant
Univ. of Oklahoma
1963-1965
Teaching Assistant,
Botany, Indiana University
1965-1968
Microbiology
Fellow, 11otany, Indiana University
1968 (June-Sept)
Research Associate,
'1icrohiolop-y,
Indiana University
1968 (Sept-present)Assi~t'aht
Professo:r,
Rotany, Ul.!ah State Uni.versi ty
Relevant

and Recent

Publications:

1967

The biology

1968

The biolo9y of two acetate
(Thesis,
Indiana University)

1960

The ecology of a species
of Zygogonium
Parl<. J. of Phycolovy (in press).

1qc,9

The nutrition
(Manuscrint

of Pseudofurcilla

st_ipmatophora
flagellates

.. J.

Phycolo,!!y l. (Supp.

Pseudofurcilla'
1T

(Kutz.)

and Diplostauron_.

in Yellowstone

and physiology
of the acetate
fla,P."ellate
accepted
and under revisioh
for Arkiv. fur

9).

National

Diplostauron.
Proteistenkunde).

Ner.10:

Alexander N. Ha~gregor

Pres~rt

Born:

Position:

Assistant Professor,
Department of Agricultural
CLemistry
and Soils, University of Arizona, Tucson, Arizona, s~.n1;e
1968

August 17, 1935 at Dunedin, New Zealand

Degrees:

~.S., University of 0tago,
Ph.D., Cornell University,

New Zealand,
1968

1961

f_revious Career:
1961-1964

Research microbiologist,

1964-1968

Research Assistant,
Ithaca, N.Y.

Tasman Vaccine Laboratory,

New Zealand

Department of Agronomy, Cornell

University,

M.S. Thesis,

University

ReJ.evant and Recent Publications:
1960 Effects of a herbicide
0tago, New Zealand

on soil-microflora.

1963 The decomposition of dichloropropionate
Microbinl.
30:497-501.
1968 Specificity
Rhizobium.

by soil

3. Gen.

of root-nodule formation on leguminous plants by the genus
Ph.D. Thesis, Cornell University,
Ithaca, N.Y.

1968 Comparison of a nodulating and non-nodulating
trifolii.
Submitted to Canad. J. Vri.crobiol.
19(,~

microorganisms.

of

strain of Rhizobium
(Macgregor and Alexander)

Formation of tumor-like structures
on the roots of leguminous plants by
11odulating and non-nodu]ating rhizobia.
Submitted to Plant and Soil.
(:t:".13.<;gr"go.i- n1i<l /11 eY.a.nder)

Name: Gordon Marsh
Present

Position:

~:

1929 at Portland,

Degrees:
Previous
1950
1951
!954

1955
1958-1964

Relevant
·1960

Curator and Senior Museum Scientist,
Museum of
Systematic Biology, University of California,
I~vi~(,
California,
since 1964.

B.

s.,

Oregon

University

of. California,

Berkley,

1957

Career:
Taxonomist, Port of
San Francisco,
California Departmert
of Agriculture,
Sacramento, C_alifornia (summer only)
Museum preparator,
California
Insect Survey, University
of California,
Berkley,· California
.·
....
Specialist
3D class, Walter Reed Army Medical Center,
Taxonomist on Korean Haemorrhagic Fever Team.' Chigg~r
identification
and correlation
with mammal population
fluctuations.
u. ·S. •Army Medical Corps, extended duty (6 months) U. S.
Natl. Museum. Biting Flies of Panama (Heleidae.) project
with F. S. Blanton. and W. W., Wirth.
Senior Laboratory Technician,
IV. Operation of ·Diagnostic
Service in Invertebrate
Pathology, University of California,
B~rkeley, California·
and Recent Publications:

Present status of the tribe MayeUni in the United S·tates.
Part
II (California).
Pan-Pacific
Entomol. 34(1):15-24.
(With Pa~k
and R.O. Schuster).

1960 Granulosis of .the granulate cutworm.
2(2):115-117
(With E. A. Steinhaus):-

Jour.

lnsect

1962 A revision of the genus Sonom~_Casey.· Coleop. Bull.
(With R. o. Schuster)

Pathol.
16(2):33-56

1962 Report of the diagnosis of diseased insects 1951-1961.
Hilgardia 33(9):349-490"(:with
E. A. Steinhaus)

Narr:.o: S. Clark Martin
Present
Born:

Position:

Principal Range Scientist,
Rocky Mountain Forest and Range
Experiment Station, Tucson, Arizona, since 1955

April 16, 1916 at McNeal, Arizona

Degrees:

B.S., University of Arizona, 1942
H.S., University of Arizona, 1947
Ph.D., University of Arizona, 1964

Previous Career:

1942-1948 P..l:l.nge
Conservationist,

Southwestern

1948-1955 Range Conservationist,

Central.States

U.S.D.A., Forest Service,
and Range Experiment Station, Tucson, Arizona

Forest

u.s.D.A., Forest Service,
Experiment Station, Columbia, Missouri

Relevant fil!Q Recent Publication~:·

.

1952 The mesquite problem on sbuthern Arizona ranges.
(coauthored

by Kenneth

Forest

w. Parker).

U.S.D.A. Gire. 908

19'.i::; Bnrr..ing and grazing ,on glade range in Nissouri.
U.S.D.A. Forest Service,
Central States Forest Exp. Sta. Tech-. Pap. Ho. 147 (coauthored by Johns.
Crosby).

1955 The place of range livestock
8(3):105-111.

in the Missouri

Ozarks.

J. Range :Management
'

1960 G~rmination and ·longevity of velvet mesquite seed in soil. .. J. Range
Management 13(2):94-97 (coauthored by Fred H. Tschirley).
1961 Burroweed on southern Arizona range lands.
University
Sta. Tech. Bull.. 146 (coauthored by ·Fred H. Tschirley).
1965 Some changes in brush since 1949. Ariz. Cattlelog

of Ariz. Agr. Exp.

XXI(5):24-26 and JO.

1966 The Santa Rita Bxperirnental Rp.nge. U.S.D.A. Forest Serv.,
Forest and Range Exp. Sta. Res. Pap. RM-22.

Rockj·Mtrt.

1967 A step toward automatic weighing of range cattle.
J. Range Nanag'3ment
20:91-94 (coauthored by Kenneth I{. Barnes and Leona.r-ctBashford).'
1968 Managing grass-shrub cattle ranges in the Southwest. U.S.D.A. Agr.
Handbk. 162 (Rev.) (coauthored by Hudson G. Reynolds).
1969 Botanical

composition of diet of steers grazi.ng a desert grassland range"
J. Range Nanagement 22(1):14-19 (coauthored by H.D. Galt, Brent Theurer,
J.H. Ehrenreich, anc1H.Tl. IJa.lA).
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Reproduction
47: 9-18
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Comparative reproduction
in three species of the genus Uma.
;tp.: W.W. Milstead
(ed.),
"Lizard Ecology: A Qymposium.·
University
of Missouri_~_~ess. Columbia. Missouri.
pp. 45-61

1968

The biology of desert amphibians and reptiles.
I.1;1_:
G.W. Brown
(ed.),
·Desert Biology,':
Vol. I Academic Press, New York pp. 195-356

1970

Seasonal changes in testicular
histology
of three species of the
lizard genus 1!.!!!!· ,lou-i;:_LJ:!~t.Qµ
.• 130: 163-186 (with Wright)

1970

Observatjons
t!O.J:RQ.•. 130:

in the arenicolous

on the
25-36
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lizard,

!l!lli!.notata.

1966
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Ecology

iguanids.
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1966

Fixation
of isotopic
nitrogen
on a semiarid
crust organisms.
Soil Sci. Soc. Amer.Proc.
(with Hcintosh and Fuller)

soil by algal
30:56-60

1966

Availability
of biologically
fixed atmo~pheric nitrogen·15
to higher plants.
Nature 209:421-422
(with McIntosh)

1966

Distribution
of nitrogen
fixed in dese~t
Soil Sci. Soc. Amer. Proc.
30:606-609

1967

Nitrogen availability
on fall-burned
oak-mountain
chaparral.
J. Range Mangement 20:33-35

1968

Seedbed design
for minimizing sugar beet
seedlingchm~ge by mild radiation
freezes.
60:311-314
(with Cary)

1968

Effect of drying methods on losses of aarbon, nitrogen
dry matter from alfalfa.
Agron. J. 60:658-659

and

1969

Air-flow planimeter
for measuring
Range Management 22:357-359

J.

1970

Rangeland
nutrition.

1970

Chilling
and f11:eezing injury to growing plants.
in Agronomy. Vol. 22, (with Cary)
(in Press)

Advances

1970

Fro~t and tender plants:
J.- Vol. 62 (in press)

Agron.

1970

Chlorophyll yield components of persistent-green
color and
co~mercial snap bean(Phoseolus
vulgaris
L.) pods.
Submitted
to Proc. Amer. Soc. Hort. Sci.
(with DeanJ

aleal c~usts.
(with McIntosh)_

detached

..mahogany

(Beta vulgaris)
Agron. Jour.

leaf

area.

fertilization
for balanced forage and ruminant
Ptw M-tv,Plant Food Assoc. Proc@edings. (in press)
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154:1194-1195
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Life spans of Dipodomys and _!".~_!:"ogn~thus
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J. Mammal. 48:537-548 (with N. R. French and A. P. Aschwanden)
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Mortality rates in irradiated
rodent populations.
C.
Evans, eds.)
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N. R.
U.S. Atomic Energy Commission Report CONF-670503
French and H. W. Kaaz),

Name:

Cyrus M. McKe11

Prese!!!_ Position.:Born:

Head, Department

March 19, 1926 at Payson,
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Utah State

Oregon State

University
- A.R.S.,
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Responses of two subspecies
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(Dactylis
glornerata
subsp. lusitanica
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to increasing
soil moisture stress.
Ecologv 41 (4): 735--790 (with Perrier
and Stebbins)

1962

Effective
burning of rangelands
10(2)
(with Wilson and Kay)
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Ectoypic
Ecologv,

1965

Species composition changes in seeded grasslands
converted from
chapparral.
Journal of Range Mgt. Vol. 18(6): 321-326.
(with
Brown, Walker and Love)

1967

Interrelation
and seedling
Journal Vol.

]969

Competitive
relationships
(with 'Duncan and Muller)

infected

with medusahead.

variation
in medusahead, an intruduced
annual
Vol. 43(4): 686-698
(with Robison and Major)

Weed,.2.

grass.

of carbohydrate
metabolism,
seedling development,
growth rate of several species of Phalaris.
Agro..n['J!!Y_
59! 223-226
(with Whalley)· , ~
of annual

ryegrass.

Ecologv

50: 657-659

~:
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of
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Natura 1 hybridization
of the bisexual
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-(With H. L. Taylor).

1966

Summer food of four species of lizards
White Sands, New Mexico.
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No. 121:1-6 (With J. R. Dixon).

from the vicinity
Co~ Museum Contr.

1967

Food habits,
babitat
preference,
reproduction
activity
in four sympatric species of whiptail
(Cnemid<>_phorus) in south central New Mexico.
AcAd~ Sci. 66:2~1-L76
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Sci.

and diurnal
lizards
Bull. S. Calif.
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Photosynthesis:
A major or minor role in the waste stabilization pond process.
Proceedings
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Electrochemical
preparation:of
Iloron. Bulletin
~~~ing Exg~riment St~~h9P, Blackburg, Virginia
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Biological
treatment of textile
and sanitary
wastes
fiberglass:r;ilant,
38th Annual WPFCmeeting, Atlantic
N. J, (with
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A new look at waste
Engineer.
16: 26

1966

A current status of federal pollution
Academy of Science.
Clinton,
S.C.

1967

Kinetics of a photosynthetic
gas exchanger with laminar flow
during low intensity
illumination.
Chemical Engineering
in
Medicine and_l}_iology. pp 447-94
(with Hershey, Editor)
Plenum Press, New York, N.Y. (with Booth)
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Control of water pollution
from southwestern
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feedlots,
Fifth
International
Conference on Water Pollution
Research
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stabilization

Reinhold Publishing
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Leaf temperature profiles
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Society
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Leaf orientation,
energy exchange, and leaf
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of Minnesota

196 7 Transpiration
(with Gates)
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State

resistance

Leaf temperature
profiles
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in plants.

temperatures.

Amer. Mid 1. Nat.
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Museum Natural
History,
11(7):401-442,
2 pls.

H59,

M.inckley, H, L,, and J.E. Dencon.
Biolo3y of the
Knnsas,
Tran2.,a_£~~-o_ps_American_Fis!1eries
Society,

flathead
catfish
8C: 34L~-355,

in

1962.

Krumholz~ L,A,, J.R. Charles,
and l'l. L. Minckley.
of the Ohio River.
In, Clay, W.N.(Ed.),
Aquatic-life
River,
Ohio River Vo.lley Wo.ter SanitationCornmis·sion,
129-152,
165-lGO, 200-210-,215-218.

1%1.

Minckley,
i·J. L., J.E. Crnddock,
and L. A. Krumholz.
Natural
radioactivity
in thQ food web of the banded scul;,in, Cottus carclinac
(Gill).
It1;,Sch11ltz,
V., and f •. :·7. Klement,
Jr,
(Eds.),
Radioecology,
Proceecl:i.ngs of the First
National
Sy.mposium on Radioecology,
?,.einhold Publ. Corp.,
N1::wYork,
Pp. 229-236.

196Lf.

Minckley,
1·!. L, Upstrcv.m moveraents of Garnmarus (L\mphipoda)
Meade County, Kentucky.
Ecolog~,
l}5(1):
195-497.

196:5.

Minckley,
~-J. L., nnd D. :?... Tindall.
Limnological
observations
Run, Meade County, Kentucky.
Ecolorw,
lf5(1):
195-197.
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Cole, G. t .. , and ~-l. L. Minckley,
A new species
of aquatic
crustacean
(genus Asellus)
from the Puebla Plnteau,
central
ProceedingR
F\:iol or;ical
Soc.<->i
ty Waslii.u3ton,
81(62):755-760.

The fish population
resources
of the Ohic
Cincinnati.
Oo, 49-89,

in Doe Run,

on Doe

isopod
Mexico.

Mincklcy,
n. L. Environments of the Balson of Cuatro Cienegas, Coahuiln,
Mexico, ~-Jith special
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t'.) th0. aq11rith:
biota,
Public;:it:imrn
Uoiv€'r~i.t·
Texas at El Paso, Science
Series,
2: ~•
125 pp. (In _Press)
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Assistant
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Role of detritus
in the trophic structure
of freshwater
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Symposium on the Dynamics of Freshwater Stream
Populations.
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Notes on the life history
and ecology of Isoperla
clio
(Newman) and Isogenus decisus (Walker) (Plecoptera:
Perlodidae).
Am. Midl. Nat. 76:340-350 (with J. N. Minshall)

1967

Role of allochthonous
a woodland springbrook

1968

The invertebrate
drift in the River Dtlddon, English
District.
Oikos 19:39-52
(with Elliott)

1968

The effect of reduction
in stream
Ecology 49:580-581 (with Winger)

flow on invertebrate

1968

Community dynamics of the benthic
brook.
Hydrobiologia
32:305-339

fauna in a woodland spring-

detritus
in the trophic structure
community.
Ecologv 48:139-149

of

Lnke
drift.

G. Wayne Minshall

(continued)

1968

The effect of reduction in stream
Idaho Academy of Science.

flew en inve:.:-tcbrate

C.rift.

1969

The Plecoptera
of a headwater stream (Gaitscale
Gill,
English Lake District)
Archiv fur Hydrobiologi~ 65 :494-SlL~

1969

An ecological
study of the invertebrates
of the Duddon, an
English mountain stream.
_Archiv fur Hydrobiologi~ 66:169-191
(1-1 i th Kuehne)
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The Changing River--a 27 minute film documentary
in the Portneuf River, Idaho (with Halve)

1969

Community structure
in natural stream systems.
Symposium on
the Stream Ecosyarem.
AAASmeetings Boston, Mass. (invited
paper)·
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Life history and ecology of Epeorus pleuralis
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Amer. Midl. Nat. 78:369-388
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University
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The Relationships
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_Nortllv!_e~t_l?_ci.Vol
30, No. 3, 99-103,
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studies of animals exposed to nuclear
Pr.oc ,.JLt...___Acnd
._..S!:L. , __.t\.tJ;:s .nnd__Letters,
37: 152-153.
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Soil moisture and temperature
~44:821-824.
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Nevndn Test Site de!'le>J.L
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survey

.,,c,,J .. ;:.y,
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Pn>c. TJJ·~h .l}c.:vl.
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detonation,
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Professor,
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of Nebraska
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1960

Current problems in hawk and owl legislation
and protection
Nebraska Bird Review 28: 43-45 (with Ingold)
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Productivity
Yellowstone
Yellowstone
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Aggressive

1965

Observations of birds along the Colorado River in the vicinity of Moab, Utah. Proc. Utah Acad. Sci. 42: 180-185
(with Frost)

1965

Nest site selection
by the bald .eagle in Yellowstone
National Park.
Proc. Utah Acad. Sci. 42: 261-264

1965

Notes on the fishers of the Colorado River near Moab, Utah
Proc. Utah Acad. Sci. 42: 280-283 (with Taba and Frost)

1969

Studies on raptor mortality
in western Utah, Grent B_n_sin
Naturalist
24: 165-167
(with Ellis and Smith)

1969

Nesting ecology of raptors in central Utah. Brigl,;i,m YoJT!g
Univ. Sci. Bull., Boil. Series
Vol X No. 4 Oct. 19,'}9 pp. :i.-·%.

of the Molly Island nesting colonies of
Lake. U. S. Natl. Park Serv., "Hear1.ngs on
Lake" U.s. Senate, 86th Congress, pp. 11-16
behavior

of a Bald Eagle.

Auk 79: 712-713
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1964 Effect of three chemosterilants
on house fly longevit¥ and
sterility.
Journal of Economic Entomology.
57(1): 89-33.
(Nith G. C. LaBrecque and Carro 11 N. Smith).
1964

Studies on the mating behavior of the house fly, Musca domestica L.
Ohio ~ournal of Science. 64(4):264-271.
(with R. L. Fye and G. C
LaBrecque).

1365

Sex attraction
in the house fly, Musca domestica L. Ohio Journal
of Science.
6.'.i(2):59-71. (with G. c. LaBrecque and Carroll N. Smith).

1966 Ecological
studies on the house fly.
59(3):533-547.
(with C. W. Thaggard).

Annals of Ent. Soc. Amer.

1967 Cumulative effects of substerilizing
dosages of Apholate and Metapa
on a house fly population.
Journal of Economic Entomolog¥·
60(4):1064-1067.
(with G. C. Labrecque, C. N. Smiih, D. W. Meifert
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(Monograph almost complete).
Psephenus herricki
(DeKay).
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A revision
beetle) of the United States

The distribution

of the water penny

of the genus Psephenus (water penny
and Canada. (with P. J. Spangler).
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B, S.
M. S.

Ph.D.

Previous

Utah State University,
Logan, Utah 1952
Utah State University,
Logan, Utah 1954
Utah State University,
Logan, Utah 1959
Radioecology,
Oak Ridge Institute
of Nuclear
Studies,
1963

Career:

1952

Fishery
Fishery

Aid, Fish and Wildlife
Investigation

1953-1955

Fishery

Biologist,

1953-1955

Project Leader, Fishery
of Fish and Game

1955-1956

Assistant
Federal Aid Coordinator,
Development, Utah State Department

1956-1958

Research

1956-1963

Assistant

Professor,

Utah State

University

1963-1965

Associate

Professor,

,Utah State

University

1963-1965

Secretary,
Utah State

1963-1965

Acting Head, Department
University

1966-1968

Acting Director,
Utah State University
Professor of Wildlife Resources

1966-1970

Associate
tation)

of Water Quality

1968-1970

Professor
University

of Wildlife Resources
Ecology Center

Relevant

Assistant,

Service,

Utah State

Rocky Mountain

Department

Investigations,

Utah State

Interdepartmental
University

of Fish and Gama
Utah State

Department

Fishery Research and
of Fish and Ga□e

University

Curriculum

of Wildlife

Associates

in Toxicology,

Resources,

Utah State

Ecology Center
(water

and Director,

quality

and
conc:-11.-

Utah State

and Recent Publications:

1955

Age and '8rowth of the Utah Chub, Gt)..9 atraria
(Girard),
guitch Lake and Navajo Lake, from scales and opercular
';rrAll§..,_Ai!11~r
-~Xis9 ._~_Qg_, 85: 217-233

in f,i;-,~
bones.

1957

Creel census i6.ethod. Publ. No. 8 of the Fed, Aid, Div. of the
Utah State Dept. of Fish and Game. 36 pp (with•Lu)

1960

Effects of Sodium fluoride
on carp and 111:ainbow'e:rout.
Amer. Fish. Soo, 89:(4):_351-370
(with Sigler)

Tr a.PS.

John M. Neuhold (continued)
1960

The effects
of temperature
on the incidence of fluorosis
in
rainoow trout.
15th Annual Purdue Industrial
Waste Conferenc.~_
Eng. Ext. Div. Series No. 106 pp. 496-507 (with Angelovic and
Bigler)

1961

Temperature and fluorosis
in rainbow trout.
Jour. Water.
Contr. Fed. pp 371-381 (with Angelovic and Sigler)

1961

Road construction
and resource use.
U.S.U. Ext.
297 (with Berryman, Smith_:,and Kearns)

1962

Chlorides affect
the toxicity
of flourides
~cience 135: 3505 pp. 732-733 (with Sigler)

1962

Lethal concentrations
of toxaphene for goldfish,
and rainbow trout, with notes on detoxification.
Fish Culturist
25(1): 23-31 (with Workman)

1963

Channel changes and the fishery
Region 4 Mimeo Circulation

1966

Alkyl benzene sulfonate
effects
on stream algae communities.
Bull. of Environmental
Contamination
and Toxicology.
Vol. 1
No. 6: 225-236
(with-Hicks)

1966

Brown trout
Proceedings

1967

From sewage to clean
and Jones)

1967

Interacting
effects
trations
on rainbow
Ann Arbor, Michigan

1967

Water quality effects
on fish movement and distribution.
Academy Proceedings 44(1): 275-297 (with Matthews)

1967

Effects
of alkyl benzene sulfonate
on rainbow trout.
Tech. Papers
Bureau of Sports Fisheries
and Wildlife No. 16. 15 pp. (with
Hassler and Sigler)

1968

Our water resources.
Utah's
ence on the Future of Utah's
Salt Lake City, Utah

1968

Measurement of stream periphyton
Lirnnology and Oceanography Vol.
Beers)

1969

Natural pollution
in arid land waters.
Presented a:t Internat:i.onal
Conference on Arid Lands in a Changing World, Tucson, Arizona

1969

A method for ~ross primary productivity
measurements.
Limuclogy
and Oceanography Vol. 14, No. 4. pp 607-610 (with Kemmerer)

1969

Effects on fish and wildlife.
lo: Characteristics
and pollution
problems of irrigation
return flow,
U.S. D~artmer:i_t of Interior
Federal Water Pollution
Control Administration

resource~

Circular

in rainbow

Utah Science

U.S. Forest

28(1):

No.
trout.

mosquitofish,
Progressive

suJ·vival and movement in the Logan River.
43(1): 67-82 (with Bridges)
water.

Pol.

Service

Utah Acad.

7-10 (with

Post

of gamma radiation
and sodium halide concentrout.
Second Nation'.al Symposium Radioecology
(with Sharma)
Ptah

Water Resources Proceedings
ConferEnvironment.
University
of Uta~,
on paraffin-coated
substrates.
13, No. 3. pp 559-562 (with

Name:

Irwin M. Newell

Present

Position:

Born:

September

Degrees:

B. S.
M. S.
M. S.
Ph.D.

Previous

Career:

Professor
of Zoology and Zoologist,
Department of
Life Sciences, University
of California,
Riverside,
since 1954
15, 1916 at Coeur d'Alene,

Idaho

State College of Washington,
State College of Wabhington,
Yale University,
1942
Yale University,
1945

1939
1941

1937-1941

Washington State Experiment Station.
on the life history and populations
central Washington State.

1941-1945

Yale University.
Studies on the ecology and systematics
of the marine mites of eastern North America.

1945-1946

Woods Hole Oceanographic
Institution.
Studies on organisms
of importance in marine fouling.
Research on Halarachnidae
parasitic
in Pinnipedia.

1946-1948

University

1948-1951

Arctic Institute
of North America.
Resea,ch grant for
study of macine mites of the Bering Sea and adjacent
A,ctic Ocean.

1949-1953

University
of Ha,.1aii. Associate Entomologist,
Studies on populations
of Oriental Fruit Fly,
biology and control of Hawaiian mites.

1954-1970

University
of California
at Riverside.
Presently
instructing
courses in acarology,
invertebrate
zoology, and histology.
Continuing research
in acarology and ecology.
Conducting
field and laboratory
investigations
on the biology,
structure
and classification
of mites.

Relevant

and Recent

of Oregon.

Assistant

Biological
iuvestigstions
of orchard mites in

Professor

of Biology.

and Entmr.o lo::;:1 st.
and ou

Publications:

1957

Studies
Pacific

on the Johnstonianidac
Science
11(4):396-466

(Acari,

Parasitengona).

1958

Specific
characters
and character
variants
in adults and
larvae of the genus Paratrombium Bruvant 1910 (Acari, Trombidii~a~)
with descriptions
of two new species from western North Americ:1.
Pacific
Science 12:350-370

1960

Angelothrombium pandorae n.g., n. sp. (Acari, Trombidiidae),
and notes on the biology of the giant red velvet mites.
1l.nnals of the EntomolQg_ical Society of America 53(3): 2?3-304
(with Tevis, Jr.)

Irwin M. Newell
1962

(continued)

Studies on the biology and seasonal cycle of the giant. red
velvet mite,..Jltnothrombium
pandorae· (Acari, Trombidiidae).
):i:cology 43(3):497-505
(with Tevis, Jr.)

1963 Feeding habits in the genus Balaustium (Acari,
with special reference
to attacks on man.
Parasitologx
49(3):498-502.
1966

Species of Pimeliaphilus
insects,
with particular
Triatominae
(Hemiptera,
(with Ryckman)

Erythraeidae)
Journal of

(Acari, Pterygosomidae)
attacking
reference
to the species parasitizing
Reduviidae).
Jitlgardi~
37(12):403-436!

N~:

Wesley E. Niles

Present

Position:

~:

Assistant Professor of Botany, University
Las Vegas, Nevada, since 1968.

of Nevada,

July 17, 1932 at Taos, New Mexico

Degrees:

Previous

B. S.,New Mexico State University,
1959.
M. S.,New Mexico State University,
1961.
Ph.D.,University
of Arizona, 1968.
Career:

1966-1968
1968Relevant

Associate
Assistant

Curator
Professor

of Botany

and Recent Publications:

Wildflowers

of the United Stat€S,

1968 Notes on the Flora

of Arizona.

Vol. III
IV.

(with H.

w. Rickett).

Madrano 19:.164. (with Mason).

Name·

William L. Nutting

Present

Position:

Born:

July

Degrees:
Previous
1950-1955

26, 1922, at Pepperell,

Massachusetts

A. B. Harvard College, 1943
Ph.D. Harvard University,
1950
Career:
Research

1953-1960-1963
1957

Professor
and Entomologist,
Department of Entomology,
College of Agriculture
_and Agricultural
Experiment
Station,
University
of Arizona, Tucson, Arizona,
since 1962.

Fellow in Biology,

Harvard University,

Research Fellow, Associate Professor,
Summer School, Harvard University

Lecturer ~n Biology,
Boston, Mass.

Summer Term Faculty,

1955-1958

Associate

Entomologist,

1958-1962

Associate Professor
of Arizona, Tucson,

University

and Associate
Arizona

Cambridge,

Professor,

Mass.

Harvard

Boston University,
of Arizona,

Tucson,

Entomologist,

Arizona

University

~eJ~v 3 ~! and Recent Publications:
1954

Effects of reciprocal
transfaunations
on protozoa
Cryptocercus
and the termite Zootermopsis.
Anat.
(~ith Cleveland)

of the roach
Rec. 120:786.

1956

Reciprocal protozoan transfaunations
and the termite,
Zootermopsis.
~.

1964

Biology of south~estern
termites.
Research, NAS-NRC, Purdue Univ.,

1965

Observations
on the nesting site and biology of the Arizona
damp-wood termite Zootermopsis laticeps
(Banks) (Hodotermitidae)
Psyche. 72:113-125

1966

The seasonal flights
of Pterotermes
and Zootermopsis
Arizona.
Proc. Second Workshop on Termite Research,
Biloxi, Miss., Nov., 1965, pp. 17-19

1966

Colonizing flights
and associated
activities
of termites.
I.
The
desert damp-wood termite Paraneotermes
simplicicornis
(Kalotermitidae)
Psyche.
73:131-149

1966

Distribution
Pterotermes
73: 165-l 79

between the roach,
Bull. 110:83-90

Cryptocercus,

Proc. Workshop on Termite
Nov., 1962, 1:5-6

in southern
NAS-NRC,

and biology of the primitive
dry-wood termite
occidentis
(Walker)
(Kalotermitidae).
l.£Y£.h~--

William

L. Nutting

(continued)

1969

Flight and colony foundation.
In:
Academic Press, N. Y., pp. 233-282
Lechleitner,
Eds.)
Academic Press,

1969

Distribution
and flights
of rare
of the genus Amitermes (Isoptera:
45:320-5.

1970

Composition and size of some termite colonies in Arizona and
Mexico.
(Submitted for publication
in ¾}_o..,___],;n.t:..omol,
Soc. A~~X-,
Oct., 1969.)

'

•

Biology of Termites,
vol.
( K. Krishna and F. W.
N.Y.,
pp. 233-282

I,

North American desert termites
Termitidae).
Pan-Pac. Entomol.

~:

Charles W. O'Brien

Present

Position:

~:

Research Scientist,
Tech University·

March 27, 1933 at Waterburg,

Degrees:

Previous
1956-1958
1959-1960
1962-1966
1967-1969
1969-1970
Relevant

B. A., University
M. s., University
Ph.D., University

Entomology Section,

Texas

Conn.

of Connecticut,
195-6
of Arizona, 1958
of California,
Berkeley,

1967

Career:
Teaching Fellow, University of Arizona
Field Entomologist,
Bernice P. Bishop Museum, Honolulu,
Hawaii
Teaching Assistant,
University of California
Professor,
Universidsd Catolica,
Santiago, Chile
(Fellow, International
Programs in Agriculture,
Purdue
University)
Assistant Entomologist,
Ohio State Department of Health
and Recent Publications·

1960 Trapping of air-borne
Insects 2(2):245-250.

insects in the Antarctic Area. Pacific
(With J. L. Gressitt
and R. E. Leech)

1961

Phyrde.~us muriceus (Germar) attacking
Pan-Pacific Ent. 37(3):185-186

1964

Catharosia
Lygaeidae.

tomatoes

in Arizona.

lustrans,
a tachinid parasite
of some drymine
Pan-Pacific
Ent., 40(2):98-100.
(With P. D. Ashlock).

1965 ·Book Review: An introduction
to the study of insects.
Borror and De Long. P~n-Pacific Ent~ 41(2):140.

By

1966 Observations on territoriality
and a new nesting substrate
of
Xyloc~
califor!Ll:£!!. ar.izonensis Cresson (Hymenoptera:Apoidea).
t,an-Pacific
Ent., 42(1):27•29
(W;th Lois Breimeier)
1969 A new species of Gerstaeckeria ___
in Peru,
America. (Coleoptera,
Curculionidae).
23(3):73-76.

first record
Coleopterists'

for South
Bull.

1970 Taxonomic revision of the genus Gerstaeckeria
(Coleoptera:
Curculioidae)
in America north of Mexico, Ann. Ent. Soc. Amer.
63(1) :255-272

1970

Pselactus spadix (Herbst), an European Cossonine weevil new to the
Western United States.
(Coleoptera:Curculionidae).
Pan-Pacific
Ent.
(in press)

·----

Name: Robert T. O'Brien
Present

Position:

Born:

Professor of Biology, New Mexico State
Las Cruces, New Mexico, since 1966.

University,

December 20, 1925, at Bismark, North Dakota

Degrees:

B. S.
M. S.

Ph.D.
Previous

University
of N. Dakota, 1950
University
of N. Dakota, 1952
Washington State University,
1956

Career:

1950-1952
1952-1956

Assistant
in Bacteriology,
University of N. Dakota
Assistant
in Bacteriology
and Instructor
in Horticulture,
Washington State University
1956-1964 Biological
Scientist,
General Electric
Co. Richland,Wash.
1964-1966 Consulting Microbiologist--Electronics
Lab., General
Electric
co.Ithaca
and Syracuse, New York
1966-pre~ent
Professor _of Biology, New Mexico State University

Relevant

and Recent Publications:

1955 Antibiotics

in food preservation.

Food Technol.

9:461

1955 Effect of subtilin' on heat activated
and severely h~ated
spqres. of a futrifactive
anaerobic bacterium, J. Bact. 20:487
1956 Antibiotics
in .food preservation,
II.
Studies
of Subtilin·and
~isin on the thermal resistance
age bacteria.
Food Technol.
10:352

on t:he influence
of food spoil-

• 1957 The nufritional
·requirements of germination and outgrowth
of spores of thermophilic bacteria.
J. Bact. ·23:522
1957

Pu~ification
and Properties
of a Proteolytic
enzyme from
B. stearothermophilus
~ Arch. Biochem. and Bic;)l--\Ts. 70 :432

1958

Preparatio~ of autoradiograms
Nature 183:1461

1959

Subtilin and nisin as additives
that lower the heat-process
requirements of canned foods, Food Technol.
13:462

1961

Radiation
respiring

1963

Relaeionship between deuterium inhibition
of growth and
glucose catabolism in ~...'..'?erevisiae,
Proc. Soc, Exptl. Biol.
and ~ed. 112:196

1964

Ef:ect of D2o on tiptake in yeast,
and Med. 117

1967

Identification
of microorganisms by gas chromatographic
analysis of metabolic products, Food Technol.
21: 78

for electron

sensitivity
studies on related
yeasts, Rad. Botany 1:61

Proc,

microscopy.

fermenting

Soc. Exptl.

and

Biol.

Name:

James W. O'Leary

Present

Position:

112!£: August
Degrees:

Associate Professor of Biological
Plant Physiologist,
Environmental
University
of Arizona

10, 1938 at Painesville,

Ohio

B. S., Ohio State

University,
University,
Duke University,
1964

M. S., Ohio State
Ph.D.,
Previous
1963-1966
1966
1966-1967
Relevnnt

1960
1961

Career:
Assistant
Professor,
University
of Arizona, Tucson, Arizona
Visiting Assistant
Professor,
Franz Stone Laboratory,
Ohio
State University
Assistant
Professor,
Bowling Green State University,
Bowling Greene, Ohio
and Recent Publications:

1964 Root pressure

in conifers.

1965

exudation

Root pressure

1965 The transpiration
ions,
Ohio Jour.
1966

Root pressure

1966

Temperature

145_:284-285 (With l\,rnmer)

in woody plants.

Bot. Gaz. 126:108-115.

stream and upward translocation
Sci. 65:357-362

exudation
effects

Science

from apical

on root pressure

of miner.al

root segments.
exudation.

1969 The effect of salinity
on the permeability
Israel Jour. Bot, 18:1-9
1970

Sciences,
and
Research Laboratory,

Nature 212:96-97.

Ann. Bot. 30:419-42:.

of roots

tb water.

A critical
evaluation
of tissue· i.'Ilmersion IJ1ethods for :reasurement
of 'plant viater potential.
Ohio Jour, Sci.70:34-38

Name:

Duncan T. Patten

Present

Position:

Born:

October

Degrees:

Previous

A. B.
M. S.
Ph.D.

Associate Professor
of Botany, Arizona State
University,
Tempe,, Ariz·ona, since 1967.
13, 1934, at Detroit,

Amherst College,
1956
University
of Massachusetts,
Duke University,
1962

1959

Career:

1958-1959

Instructor,

1962-1965

Assistant
Institute,

1965-1967

Assistant
Professor
Tempe, .Arizona

Relevant

Michigan

University

of Massachusetts

Professor
Botany,
Blacksburg,
Va.

Virginia

of Botany,

Polytechnic

Arizona

University

State

and Recent Publications:

1963

Vegetational
patterns
in relation
to environments
Madison Range, Montana.
Ecol.
Monog. 33:375-406

in the

1963

Light and temperature
influence
germination
and forest advance.

1968

Ecology of non-forested
areas of northwest Yellowstone
National Park.
Bull. Ecol. Soc. 49:112 (abstract)

1968

Dynamics of the shrub continuum along the Gallatin
River
in Yellowstone National Park.
Ecology 49:1107-1112.

1969

Succession from sagebrush
northern Rocky Mountains.

1969

Forest succession
in Yellowstone
Parks Magazine
(in press)

1969

CO2 exchange patterns
Ecology 50:686-688.

1970

Plant temperatures
system.
Suhmittcd

on Engelmann spruce
Ecology 44:817-818

seed

to mixed conifer forest in the
Amer. Midl. Nat. (in press).
National

Park.

of cacti from different
(with Dinger)
and heat flux
to Oecologia

National
environments.

in a Sonoran Desert
(with Gibbs)

Eco-

Name: Lorentz
Present

C. Pearson

Position:

Born: January
Degrees:

Professor
Idaho,

Sciences,

Ricks College,

Rexburg,

28, 1924, at American Fork, Utah.

B. S.
M. S.

Ph.D.
Previous

of Biological

Utah State University,
1952.
University of Utah, 1952.
University of Minnesota, 1958.

Career:

1952-

Instructor

1956-1958

Research assistant,

1957-1958

Associated with D. B. Lawrence and J. R. Bray, Ecosys_tem
Analysis, Cedar Creek, Minnesota.

1960-1962

Principal
Investigator,
NSF grant G-13, 178, "Ecosystem
Studies in a Northern Desert Area."

1963-1964

Studies

in botany and agronomy, Ricks College.

in lichen

Botany,.Uppsala

fellowship,
1965-1966

plant

genetics,

physiology,
University,

University

Institution
Sweden,

of Minnesota.

of Physiological

under NSF post-doctoral

43-095.

Principal
Investigat,or,
NSF grant GB-3358, "Ecosystem Studies
in a Northern Desert Area, 2: Autecological studies of
Artemisia tridentata."

Relevant and Recent Publications:
1958

Ecosystem studies at Cedar Creek Natural Histqry Area. Proc.
Minn. Acad, Sci .. 25-26:108-112.
(With D. B. Lawrence and J.
R. Bray)

1958

Photosynthesis
25-26:100-107.

1959

Primary production in some Minnesota terrestrial
communities
for 1957. Oikos 10:38-49.
(With J. R. Bray and D. B. Lawrence)

1963

Ecological life
Sci., 4:50-58.

1964

Effect of harvest date on recovery
Agron. J. 56:80-82

1965

Primary production in grazed and ungrazed desert
eastern Idaho. Ecology, 46:278-285

in aspen bark in winter.
(With D. B. Lawrence)

Proc. Minn. Acad. Sci.

history studies in Artemisia.
J. Idaho Acad.
(With R. M. Hewett and G. L. Howard,)
of range grasses

and shrubs.

communities of

Lorenz C. Pearson

(continued)
.•

1965

Lichens as microclimate indicators
in northwestern Minnesota.
Amer. Midl. Nat. 74:257-268.
(With D. B. Law~ence)

1966

Primary productivi-t'y

1967

Comparison of light compensation points
lichens.
J. Idaho Acad. Sci. 6:1-4

1969

Influence of temperature and humidity on distribution
in a Minnesota Bog. Ecology 50:740-746

of lichens

1970

Growing lichens in growth control'chambers
factors.
Am,J. Bot. (In press)

environmental

in a northern

desert

area.

Oikos 15: 211-~28

in Idaho and Swedish

by varying

°r

·.,.

J

I

Na~e:

Robert W, Pease

Present

Position:

Associate Profeseor of Geograr::r,., ·u.d •. ·,· .: .•.' / '·"
California,
Riverside,
CaHfor, 1.<l .... 1. ,';e _·: ,:,
1

Born:

March 30, 1917 at Evanston,

Degreos:

Previous

B, A. University
M. A. University
Ph.D. University

Illinois

of California,
of California,
of California,

Los Angeles,
Los Ang0les,
Los Angeles,

1938
1%6
1960

Career:

Ful 1 time
1964-1967

Los Angeles Junior· College

1963-1964

University

of California,

1963

California
Consultant

State

1944-1963

Los Angeles City Schools,

1940-1944

Douglas Aircraft

Part

District
Los Angeles,

Lecturer

Department of Education,

Earth Science

Secondary Science

Company, Tooling Engineering

time

1961-1967

San Fernando Valley State
of Geography

1961

University

1950-1960

(Miscellaneous
periods of employment)
Los Angeles Junior College District

Relevant

of Southern

College,

A~sistant

Profesaor

California

and Recent Publications:.·

1954

An inquiry into the .rature of rice as a ·crop :plant, • AnT't·,.!l
Meeting, Asoc. of Pacific Coast Geographers, Pullman, Wash.,
(with Spencer)

1954

lhe Photosynthesis
potential of the mergy component:s of cJ.5.nate,
Annual Meeting, Association
of Pacific Coast Geographers, Pullman,
Wash.,1954, and Vol. 16, Yearbook of the Association
of Pacific
Coast Geographers, 1954, pp. 55-61

1965

Modoc County--A Geographic Time Continuum on the California
Volcanic Tableland, University
of California
Publ.ications"Tn
Geography, Vol. 17, University
of California
Press, Berkeley
.?11d I,os Angeles,
1965, 304 pp.

1968

OrotJght and plant leaf reflectance
of southern California.
vegetation
fypes.
(with Bailey) Report submitted to Pacific
Southwest Forest and Ranee ~xperiment Station,
Forest Service
U. S. Department of Agriculture,
48 pp.

Robert

W. Pease

(c0ctinued)

1968

Remote sensing and ~ts relation
to the e~rth's
energy tudget.
Invitational
Paper, IGPP, University
of California,
Riverside
May, 1968.
(with Bowden)

1969

11.1akingL:olor infrared
film a more effective
high ~ltitude
~emote sensor.
Remote Sensing of the Environment:
An Inter~isciplinary
Journal,
February,
1969; 35 PP.•

1969

Multispectral
separation~
from multilayer
films.
Report 1, USDI 14-08-0001-11914,
December 1969;

1970

r-'tore information
relating
infrared
film.· Technical
January 1970

1970

Color infrared
film as a negative material,
3, USDI 14-08-0001-11914,
January 1970

fechnical

to the 1:igh altitude
use of oolor
Report 2, USDI, ·14-08-0001-11914,
Technical

Report

Name:

Robert

Present

E. Pfadt

Position:

~:

Professor

May 22, 1915 at Erie,
B. A. University
M.A. University
Ph.D. University

Previous
1938
1939
1940-1943
1943-1948
1948-1954
1954-1970
1966-1967
1967-1968
Relevant

of Entomology,

University

of Wyoming

Pennsylvania
of Wyoming, 1938
of Wyoming, 1940
of Minnesota,
1948

Career:
Research Assistant,
Wyoming Game and Fish Commission
Research Assistant
u.s.D.A. on Mormon cricket
Research Assistant
in Entomology;University
of Wyoming
Assistant
Professor
of Entomology University
of Wyoming
Associate Professor
of EntornologiUniversity
of Wyoming
Professor
of Entomology,University
of Wyoming
Plant Protection
Advisor Wyoming Team)Kabu~Afghanistan
Chief of Party Wyoming Team/Kabul 1 Afghanistan
nnd llecent

Publications~

1947

Effects of temperature
and humidity on larval and pupal stages
of the common cattle
grub.
J. Econ. Entomol_. 40:293-300

1949

Range grasshoppers
as an economic factor
livestock.
Wyo. Range Manage. 7:1-7.

1949

Food-plants,
distribution,
and abundance of the big-headed
grasshopper,
Aulocara elliotti
(Thos.) J. Kansas Entomol.
Soc_. 22:69-74.

1949

Food plants as factors
in the ecology of the lesser migratory
grasshopper,
H~lanoplus mexicanus (Sauss,)
Wyoming Agr. Exp.
Sta. Bull. 290. 51 p.

1964

The role
Entomol.

1965

Insects collected
on Wyoming rangeland in connection with
grasshopper-egg
sampling. J. Kansas Entomol. Soc. 38:61-66
(co-author)

1965

Key to Wyoming grasshoppers,
Mimeo Circ. 210. 25 p.

1966

Parasites
and predators
Wyoming Agr. Exp. Sta.

1969

A new species of Eremocharis
(Orthoptera:
Afghanistan.
Can. Entomol. 101:545-548.

1970

A new grasshopper
genus and species from Afghanistan
(Pamphagidae:
Orthoptera).
Trans. R. Entomol Soc. London (In press).

of rangeland grasshoppers
Soc. 37:1-4 (co-author).

in the production

as scavangers.

Acrididae

of

J. Kansas

and Tetrigidae.

of Wyoming rangeland grasshoppers.
Sci. Monogr. 3. 31 p. (co-author).
Pamphagidae)

from

Name:

Rex D. Pieper

Present

Position:

Born: January
Degrees:

18, 1934, at Idaho Falls,

B. S.
M. S.

Ph.D.
Previous

Assistant
and Associate Professor
of Range Science,
New Mexico State University,
Las Cruces, New
Mexico_since 1963.

University
Utah State
University

of Idaho, 1956
University,
1958
of California,
Berkeley,

1963

Career:

1956-1958

Research

Assistant

Utah State

1958-1963

Research

Assistant,

University

Relevant

Idaho

University
of California,

Berkeley

and Recent Publications:

1959

Effect of intensity
of grazing upon nutritive
content of
the diet,
.J.. JlJ:Li!rult
~j..
18: 1031-1037.
(with Cook and Harris)

1961

Relationship
between trees and cattle
Calif. Agr. 15:12.
(with Biswell)

1962

The response of browse plants to fertilization.
Fish and Game 48:268-281.
(with Gibbens)

1963

Production and chemical composition of Arctic Tundra
vegetation
and their relation
to the lemming cycle.
Ph.D. Dissertation.
Univ, Calif. Berkeley.
(Dissertation
Abstr. 24:3943)

1964

Fort Stanton range research.
Proc. New Mex. Sec. Amer,
Soc. Range Manage. 11th Ann. Meet. Albuquerque, N. M.

1967

Comparison of vegetation
on three grazed and ungrazed
sites in s:,uthcentral
New Mexico. (Abstr.)
Proc. 20th
Ann. Meeting Amer. Soc. Range Mange. Seattle,
Wash.

1967

Broomweed--problems and control.
Proc.
Growers Short Course.
NMSUpp. 38-41.

1967

Cover, herbage production
and botanical
composition on
foothill
range sites in southcentral
New Mexico.
New
Mex. State Univ. Agr. Expt. Sta. Res. Report 128.(with Groce)

1967

Fire effects
Mexico. J.

in ponderosa

pine.
Calif.

12th Ann. Cattle

on blue grama-pinyon-juniper
rangeland
Range Mange. 20:359:362.
(with Dwyer)

in llew

1.968 Response of blue grama vegetation
to cholla cactus control.
(Abstr.)
Proc. 21st Ann. Meeting Amer. Soc. Range Mange.
Albuquerque, N. M. (with Dwyer)

Rex D. Pieper

(continued)

19G8 Comparison of vegetation
on grazed an.d unerazed pir:yonjuniper grassland sites in southcentral
New M8~·:ico, J.
Range Manage. 21:51-53.
1968 Correlations
among chemical constituents
and nylon ba 6 dry
matter disappearance
of range grasses.
Proc. West. Sec.
Amer. Soc. Animal. Sci.
19:289-294.
(with Hatch and Nelson)
1968

Chemical composition of grasses at the Fort Stanton Experimental Range in southccntral
New Mexico. New Mex. State
Univ. Agr. Expt. St. Res. Report 148. (with Hatch, Nelson,& Kro:nann)

1969 The role of consumers in a grassland ecosystem.
The graosland ecosystem.
Colo. State. Univ. Range Sci. Dept. Sci.
Ser. No. 2:316-329.
(with Indix and Beidleman)

~~:

Frederick

J. Post

Present Position:
Associate
Utah SUate University
Born:

February

Degrees :

B . S.
M. S.

Ph.D;
Previous

Professor.

Bacteriology

20, 1929 at Berkeley,

and

P11bl ic

l:l<"t1lt:h,

California.

University
of California:,
Michigan State University,
Michigan State University,

Berkeley,
California,
1952
East Lansing, Michigan, 1953
East Lan~ing, Michigan, 1958

Career:

1953

Graduate Research
State University

1953-1955

U.S. Army: Army Snviroomental
Chemical Center, Maryland

1955-1970

U.S. Public ·Heal th Sei•vice Commissioued Officers
(Reserve)
Scientist
(Lt. Commander).

1955-l9S8

Michigan State
Microbiology

1958-1959

University
of California,
Science, School of Public

1959-1965

Universitv
of California,
ios Angeles:
Assistant
Professor
of Public Health, School of Public Health and Assistant
Professor of Preventive
Medicine and Public Health, School
of Medicine.

Relevant
1964

Dept.

Assistant,

University:

of Microbiology,

Health

Teaching
Los Angeles:
Health.

Laboratory,

Assistant,

Michip:.<1n

Arn1y

Co:::ps.
Dept.

Instructor

of

in Sunita~y

and Rece:1t Publications:

Analysis of. bacteriologi.cal
untensil
swab counts and disl.n,;ai:;lr'..r. 6
procedures from field reports.
Jour.
Milk and Food Techn.
27: 193-196.
(with J,Ww Entz and J.J. Palrnersheim).

1965

Distribution
and characterization
flies.
Jcur. of Ins~ct Pathology

of fecal streptococci
in muscol1
7: 22-28.
(with
F.J. Foctcr)

1965

A rapid polaragraphic
technique for biochemical
oxygen de~cnd
determination.
Bulletin
California
Water Pollution
Control
Federation.
1 (3): 26-30 (with G.B. Krishnamurty)

1967

A simple medium for the selective
isolation
of ~~.J:iqp._g.§. and
related organisms and their occurence in sewage.' AP.Plied. M-l.c.ro'.-,:io\,
15: 213-218.
(with A.D. Allen and T.C. Reid)

1967

From sewage to clean water.
J.M. Neuhold and N.B. Jones)

1968

Influence
servative
138-142

Utah Scien~~

28(1):

7-10,

3J..

of phosphate compounds or certain
fungi and th~ir
effect
on fresh cherry fruit.
Applied ~icrob 4 nl.
(with W.S. Coblentz, T.W. Chou)and D.K. S:1lonkh2)

(w:i_:-:h
;x:·ei~:

Name: Hasan K. Qashu
Present

Born:

Position:

Assistant
Professor of Hy~.rology and Wate.r
Resources, University
of Arizona, Tucson, f.:-:--i..:qna,
since 1967

December 30,1932,

Degrees:

B. S.,
M. S.,

Ph.D.,
Previous

Tireh-Triange,

University
University
University

Palestine

of California,
Berkeley, 1957
of California,
Berkeley, 1957
of Arizona, Tucson, 1966

Care~:

1959-1961

Specialist
University

1961-1963

Teaching Assistant
in Soils and Plant Nutrition,
University of California,
Berkeley, California

1965-1967

Research Associate in Soil Physics, Department of
Agricultural
Chemistry and Soils and the Nater
Resources Research Center, University of Arizona,
Tucson, Arizona

Relevant

and Research Assistant,
School of Forestry,
of California,
Berkeley, California

and Recent Publications:

1964

The influence
of vegetation
on soil thermal regime .st San
Dimas using lysimeters.
Soi1.·sci:
Soc. Amer. Prdc .. 28: 703-706
(with Zinke)
--- • --

1966

To measure trickle
outflow.
(with Renard and Wallace)

196 7

Water d-isposition
in a stream channel with rip:1rian vegetation.
Soil Sci. Soc. Amer. Proc .. 31: 263-259 (with Evans)

1967-

Effect of black granUJ.a-t mulch 011 soH temperc:ture,- water
content, and crusting.
Soil Sci. Soc. Amer. Proc..
34:
429-435
(with Evans)

1967

Hydraulic and micromorphological
properties
of stream channel
sediments.
Water Resources gesearch3: 465-~70

1967

A micro-digestion
nitrogen in plant

1969

Infiltration
.rates as affected by desert
Research 5: 1373-1376 (wit11 Lyford)

1969

Infiltration
and water depletion
Soc. Amer. Proc.
33: 775-778

1969

Practical
implications of water ·repellency in s:,il.
Progressive Agriculture
in Arizona.
21(6).

procedure
material.

Agric.

Engr,

47: 484-435

for the determinat:on of amino id
Agron. J.
59: 4E6-487
vegata;:ion.

in lysimeters.

Water

:>oil Sci.

Name:

Ralph J. Raitt

Present

Position:

Born:

Professor.of
Las Cruces,

Biology, New Mexico State
New Mexico, since 1957

University,

Februa1y 9, 1929, at Santa Ana, California

Degrees:

Previous

A. B.

Stanford

Ph.D.

University

University;

1950.

of California,

Berkeley,

1959

Career:

1950-1953 Teaching Assistant,
University of California,
Berkeley
1953-1956 Curatorial
Assistant,
University of California,
Berkeley
1957-present
Professor of Biology, New Mexico State University
Relevant

and Recent Publications:

1960 Rocky Mountain race of the Williamson
in California.
Condor 62:142
1960 Breeding behavior
Condor 62:294-303

ill a population

sapsucker

of California

1961

Plumage develoFment and molts in California
63:294-303

1964

Dynamics of a pJpulation of California
quail.
life ttanagemen: 28:127-141
(with Genelly)

1966 Annual cycle Jf reproduction
Rio Grande Vs]ley, southern
(;;rith Ohmart)

wintering
quail.

quail.

Condor

Jour.

Wild-

and molt in Gambel quail of the
New Mexico. Condor 68:541-561

1967 Relationships
between black-eared
and plain-eared
of b,ushtits (Psaltriparus)
Auk 84:503-528
1968 Densities and species composition
cresotebush community in southern
193-205 (with Maze)
1968 Sex and age ratios in Gambel quail
Southern New Mexico. Southwestern
(with Ohmart)

populations

of breeding birds of a
New Mexico. Condor 70:
of the Rio Grande Valley,
Naturalist
13:27-3!•

1968 Annual cycle of adrenal and thyroid glands in Gambel quail
of southern New Mexico. Condor 70 i 366-372.
1970 Relationships
between two partly sympatrtc species of t hrus!iec
(Cat~arus) in Mexico. Auk 87: 20-57.
(with Hardy)

Name:

Hudson G. Reynolds

Present

Position:

Born:

Principal
Wildlife Research Biologist,
USDA-Yorest
Service, Rocky Mountain Forest and Range Experiment Station,
Forest Hydrology Laboratory,
Arizona State University,
Tempe, Arizona, since 1961

July 7, 1918, at Ft.

Degrees:

B. s.
M. s.
Ph.D.

Previous

Career:

University
University
University

Jones,

California

of California,
of California,
of California,

Berkeley,
Berkeley,
Berkeley,

1939
1941
1954

1941-19l~2 Department

of Botany, University

1946-194S

Department

of Forestry,

1948-1955

Range Conservation Researcher,
USDA-Forest Service,
Southwest Experiment Station and Rocky Mountain Station,
Tucson, Arizona

1955-1961

Range Conservation Research Acministrator,
USDA-Forest
Service, Rocky Mountain Station,
Tempe, Arizona

Relevant
1959

of Arizona,

University

Tucson, Arizona

of California,

Berkeley

and Recent Publications:

Research
Cattlelog

in management of chaparral
14:13-16

1960 Watershed management research
J. Forest_ 58:275-278

lands in Arizona.

in Arizona

Ariz.

and New Mexico.

1962

Selected bibliography
of range research in Arizona.
Ame~
Soc. Range Manage., Ariz. Sec. (Proc), pp. 50-68 January

1962

Rodents and rabbits.
In:
Problems and Techniques."

1963

Effects of trampling on soil and vegetation.
Dept. Agr. Misc. Puhl. 940:116-122.

1963

Grazing in relation
to runoff and erosion on some chaparral
wa·tersheds on central Arizona.
J. Range Manage. 16: 322-326

1964

Habitat relations
of verteb~ates
of the Sierra Ancha
Experimental Forest.
Rocky Mountain Forest and Range Exp.
Sta. Res. Paper 4, 16pp.

1964

Elk and deer habitat use of a pinyon-juniper
woodland in
southern New Mexico. North Amer. Wildl.Conf.
29:438-444

1966

Some wildlife
habitat management implications
from research
in Arizona and New Mexico. Amer. Soc. Range Manage. Proc.
19:30 (Abstract)

Chpt. I "Range Research.
Basic
Natl. Acad, Sci. Puhl. 890:35-38
In.:

U.S.

Hudson G. Reynolds
1967

(continued)

Chemical constituents
and deer use of some crown nprouts
Arizona chaparral.
J. Fcrest.
65:905-908

in

1968 Managing grass-shrub
cattle ranges in the Southwest.
USDAForest Serv. Agr. Handbk. 162, 44 pp.,illus.
Revised 1968
1968

Healthy habitat--the
key to wildlife
production
Southwest.
N. Mex. Wildlife 13(5) :6-8

1969

Improvement of deer habitat
J. Forest. 67:803-805

on southwestern

in the

forest

lands.

1969 Aspen grove use by deer, elk, and cattle in southwestern
coniferous forests.
Rocky Mountain Forest and Range Exp.
Sta. Res. Note RM-138, 4pp.

J. Paul Riley

Name:

Present Position:
Project Leader, Utah Water Research Laboratory,
and Associate Professor
of Civil Engineering,
Utah State University
Born:

June 27, 1927 at Celista,

Degrees:

Previous

B. A., University
C. E., Utah State
Ph.D., Utah State

B,C.

of British
University,
University,

Columbia, Vancouver,
Logan, Utah.
1953
Logan, Utah.
1967

1950

Career:

1951-1952

Utah Agricultural
Fe:llow.

Experiment

Station,

Logan, Utah.

1952-1954

B.C. Provincial
B.C. Assistant

1954-1957

Oregon State University,
Dept.
Corvallis,
Oregon, Instructor.

1957-1962

B.C. Provincial
Government, Water Rights
B.C. District
Engineer.

1962-1963

B.C. Provincial
Governemnt, Water Investigations
Victoria,
B. C. Project Engineer.

1963-1967

Department of Civil Engineering,
Logan, Utah.
Research Assistant

Government, Water Rights
Hydraulic Engineer

Branch,

of Agricultural

Victoria,

Engineering,

Branch,

Utah State

Research

Nelson,
Branch,

University,

Re~~vant and Recent Publications:

F67

Application
of an electronic
analog computer to the problems of
river basin hydrology.
Utah Water Research LaboJTatory, Utah
State University,
Logan, Utah (with Chadwick)
Watershed simulation
by electronic
analog computer.
Pub. 80,
International
Association
for Scientific
Hydrology.
Un:i.versity
of Arizona, Tucson, Arizona
(with Chadwick and Israelson)

1968 A digital

computer program to plot isohyetal
maps and calculAt~
volumes of precipitation.
Pub. 80, International
Associatio~
fo.r.
Scientific
Hydrology.
University
of Arizona, Tucson, Arizona
(with Amisinl" and Kwan)

1?68

Adaptation of electronic
computer for improved method of modelir.g
surface runoff-for
smnll watersheds.
Pub. 81, International
Association
for Scientific
Hydrology.
University
of Arizona,
Tucson, Arizona.
(with Amisial)

~:

Evan M. Romney

Present

Position:

Born:

Research Soil Scientist,
Laboratory of Nuclear
Medicine and Radiation Biology, University
of
California,
Los Angeles, since 1966

1925 at Duncan, Arizona

Degrees:
Previous

B. A., Brigham Young University,
Ph.D., Rutgers University,
1953

1950

Career:

1950-1953
1953-1966

Graduate
Assistant
Project

Relcvant·and

Research Fellow, Rutgers
Research Soil Scientist,

University,
New Jersey
u.c.L.A. Atomic Energy

Recent Publications:

1965

Effects

of beryllium

in plants

1965

Uptake of radioactive
fission
products by plants.
Chapter
in Radioactive
fallout,
soils,
plants,
food, man, Elsevier
Puhl. Co. (With H. Nishita and K. H. Larson).

1966

Concentration
of radionuclides
by plants grown on ejecta from
the Sedan thermonuclear
cratering
detonation.pp,391-398
in
Radioecological
Concentration
Processes,
Pergamon Press.

1966

Neutron activation
soils.
Soil Sci.

1969

Radioactive
108:419-423

1969

Effect of the phosphorus level on ~he micronutrient
content
of Franseria
dumosa. Phyton 76:'38-L,2 (With A. Wallace and
R. T. Mueller).

products
Soc.Amer.

fluorine

and soils.

Soil

Sci.

100:210-217.

from Project Sedan in plants
Proc. 30:770-773

18 in soils

and plants.

Soil

4

and

Sci.

)'l~~:

Fred L. Rose, Jr.

Present

Position:

De~~·,:

A. B.
M. S.

Ph.D.
Previou~

AEC Postdoctoral

Fellow

Willamette University,
1957
Oregon State University,
1964
Oregon State University,
1968

Career:

1960-1962

Biology

Instructor,

Albany High School,

Oregon

1963-1965

Instructor,
University

1965-1967

Research Assistant,
Department of Botany and Plant
Oregon State University.

1968-1969

Pastdoctoral
Fellow,
Northwest, Richland,

1969-

Assistant
Pocatello,

Department of General Science,

Professor
Idaho

Oregon State

Aquatic Ecology Section,
Washington
of Biology,

Idaho State

Bathology,

BattelleUniversity,

Relevan~ and Rec~nt Publications:
1968 Effects of the insecticide
dieldrin
laboratory streams.
Ph.D. Thesis,
Corvallis,
Oregon

on benthic algae in
Oregon State University

1970 Accumulation of dieldrin by benthie algae in laboratory
Hydrobiologia_ (in press)
(with C.D. McIntire)

streams,

Name:

Rodolfo Ruibal

Present

Position:

Born:

Professor
University

of Zoology, Department of Life Sciences
of California,
Riverside,
since 1954.

October 27, 1927, Havana, Cuba.

Degrees:

Previous

B. A. Harvard University,
M.A. Columbia University,
Ph.D. Columbia University,
Career:

1948

Physicians
Laboratory

1950-1951

Columbia University,

1951-1954

City College

1954-present

~ele•,ant

1950
1953
1954

Professor
~iverside,

Hcspital,
Jackson
Technician

Heights,

New York City,

of New'York, Instructor
of z·oolo:'.v, University
Calilorniri

Instructor

in Zooloey.

in Zoology.
of California,

and Recent Publications:

1962

The ecology and genetics
of a desert
pipiens.
Copeia. (1): 189-195 •

1962

Osmoregulation in amphibians
Physiol.
Zool.
35: 33-147

1962 The adaptive value of bladder
Physiol. Zool. ~ 3·: 218-223
1969

Queens, New York.

population

from heterosalina
water

The terrei:: trial eco 1 ogy of the toad
Copeia,. •(3) 571-SR4 •

in the toad,

of~
habitats.
Bufo cognatus

Sc:;__apJu.o.p_ua_.h.attll.tl.o_rul,i.

~:

Stephen M. Russell

EE!'~

Position:

Born:

Associate Professor and Curator
Arizona, Tucson, Arizona

September 16, 1931 at Hot Springs,

Degrees:
Previous
1954-1955
1956-1958
1958-1964

~elevant

of Birds,

University

Arkansas

B. S., Virginia Polytechnic
Institute,
1953
Ph.D., Louisiana State University,
1962
Career:
Mammalogist, Louisiana Wildlife and Fisheries
Commission
(summers)
Entomologist,
Louisiana Agricultural
Experiment Station,
(summers)
Instructor,
Assistant
Professor,
Louisiana State University,
Now Orleans
and R~cent Publications:

1964 A distributional
study of the birds of British Honduras.
I
l-1:onor,r.No. 1, American Ornithologists
Union~ 195pp.
1968 Thermoregulatory behavior of the White-winged Dove.
at the Annual Meeting of the American Ornithologists'
Fairbanks, Alaska, June 19 , 1968.

1!;11·
9_:n

Paper read
Union,

1969

Regulation of egg temperatures
by incubating White-winged Dovev.
pp. 107-112 :In:Physiological
Systems in Semiarid Environments.
University of New Mexico Press

1969

Effects of habitat changes on the avifauna of British Honduras.
In•Pr~edings
of the Conference on Effects of Habitat C~es
on Avifauna of Northern Latin America.
Smithsonian Ini:,rtitutiot'.

·\

(in press)

Name: William E. Saul
present Position:
Associate
Idaho State University
Born:

Professor

October 15, 1923, Salina,

Degrees:

B. A.
M. S.

Ph.D.
Previous

of Botany, Department of Biology,

Kansas

Peru State Teachers College, Nebraska 1948
University of Utah, Salt Lake City, 1952
University of Utah, Salt take City, 1955

Career:

1955-1959

Instructor

of Botany,

1956

Park Ranger Naturalist,

1957-1960

Ecologist

1959

Assistant
College,

Professor
summer

'of Botany, Stephen F. Austin State

,1959-1962

Assistant

Professor

of Botany, Idaho State University

1962

Associate

Professor

of Botany, Idaho State University

U.S.A.E.C.

Idaho State

College

Yellowstone,
NRTSIdaho Falls,

summer
summer

Name:,;. Ervin M. Schmutz

-·-

Present

Position:

~:

October

University

of Arizona,

26, 1915

B. s. Utah State
M. s. Utah State
Ph.D. University

!)_E:!_g_r
e ~~-:

Previous

Prof~ssor of Range Management,
Tucson, Arizona,
since 1970.

University,
University,
of Arizona,

1939
1941
1963

C3reer:

1941-1948
1948-1950
1950-1952
1952-1955
1955-1956
1956-1963
1963-1965
1965-1970

Range Conservationist,
Soil,Conservation
Service,
Ft. Worth,
Texas
District
Conservationist,
Soil Conservation
Service,
Canadian, Texas
Range Conservationist,
Soil Conservation
Service,
El Paso, Texas
Work Unit Conservationist,
Soil Conservation
Service,
Van Horn,
Texas
Research Assistant,
University
of Arizona, Tucson, Arizona
Instructor,
University
of Arizona, Tucson, Arizona
Assistant
Professor
of Range Management, University
of Arizona,
Tucson, Arizona
Associate
Professor
of Range Management, University
of Arizona,
Tucson, Arizona

1947

Natural mulches or "litter"
of grasslands;
with kinds
amounts on a southern prairie.
Ee~
28:163-179.

1959

Effects
of shrub removal on the vegetation
of a semi-desert
grass-shrub
range.
J. "anw ..3Jp)lage. 12 · 34-3 7.

1962

Shrub control
studies
Mana&e. 15:61-67.

in the oak-chaparral

of Arizona.

1963

The effect

on four Southwestern

shrubs.

1963

Grazed-class
method of estimating
Manage, 16:54-59,

forage

1965

Whitethorn

in hriz.

1966

Shrub control and reseeding
Range Manage. 19:191-195.

1967

Chemical control

1967

Boysag Point: a relict
area on the North Rim of Grand Canyon in
Arizona.
J. Range Manage. 20:363-369

1968

of fenuron

control.

Prog.

of three

Agric.
effects

Tucson,

Arizona.

Chihuahuan

176p.

I..:_.l{ange

Weeds 11:149-157

J .. Ran~~

utilization.
17(3):18-20

on the oak chaparral

, _Livestg~k___poi;_~Qi!J:.!l_g
__
_QJant_§_ in .A.rJ~og~-

Press,

and

Desert

ThP

shrubs.

Uni,rers

of Arizona.

Weeds 15:62-07

i ty

of

Arf.zona

J.

Ervin M. Schmutz (continued)

1963 Factors affecting
the absorp·tion, translocation
and toxicity
of h~rbicides on creosotebush.
Univ. Microfilms, Inc., Ann
Arbor, Michigan.
196p.
1969

Crested wheatgrass and winterfat
drouth.
Progr. Agr. in Arizona

emergence under simulated
21(5):3-5

1969 Guide to improvement of Arizona rangeland.
Univ. Arizona Coop.
Ext. Serv., Agr. Exp. Sta. Bull. A-58. 93p.
•

••

•

1969 Fertilization
on chaparral

··~

" T' .. --,:

~

• ·!j

• •

••

···~

·r.,.

increased quality and quantity.of
lehmann lovegrnss
soils.
Progr. Agr. in Arizona 21(6):14-15,
20.

Name_: S. A, Sher
R!'.'ese::.t Position:
B~E!!_: 1923,
Degrees:

Previous

1956-63

1968:
Relevant
1961
·1963

0f

St1lifornia

California
of

Career:

1953:
195!!-:-

1963:
1966:

San Francisco,

of Nematology and Nerr,--1tolo~1
o,:t, G.'.li
~ C). < :.y

A, B., In Zoology, University of California,
Berkeley
Ph.D., In Entomology (Field of study, Nematology), University
California,
Berkeley

1952:

1961:

Professor
Riverside

Assistant
Nematologist,
University of Hawaii
Research Officer,
Nematode Laboratory, Ottawa, Canada
Assistant
Nematologist,
Depart::ment of Nematology,
University of California,
Riverside
Vice-Chairman, Departm~nt of Nematology, University
of California,
Riverside
Associate Professor of Nemntology and Associate Nematologist,
Department of Nematology, University of California,
Riverside
·Fulbright Research Scholar - Laboratoire
des Nematodes, Antibes, France
Professor of Nemotology and Nemotologist,
Department of Nemutology,
University of California,
Riverside
FAONematologist,
Bangkok, Thniland (six month assignm.Qpt)

and Recent Publications:
Revision of th~ Hoplolaiminae (Nematode) I. Classification
Genera and Nominal Species,
Nematologica 6:115-169.

of Nominal

Revision of the Hoplolaiminae (Nematoda) II.
Hoplomaimus D<lday, 1905
and Aorolaimus n, gen. Nematologica 9:267-295,

1963

Revision of the Hoplolaiminae (Nematoda) III.
1958. Nematologica 9:421-443.

1963

Revision of th• Hoplomaiminae (Nematoda) IV.
Nematologicn 9:455-467,

1966

Revision of the Hoplolaiminae
1945. Nema_tologica 12:1-56

1966

Revision of the family Atylenchidae Skarbilovich,
Tylenchoidea).
Proc. Helm. Soc. Wash. 33:60-66.
and R. C. Colbran)

1967

Taxonomic Problems concerning the Phytoparasitic
Nematodes.
Review of Phytopathology.
5:247-264.
(with M. W. Allen)

1%8

Revision of the genus Ra_~b.9.lus Thnrne,
Proc. Hel, Soc. Wash. 35:219-237.

(Nematoda)VI,

Scutellonema
Peltrunigratus
Helicotylenchus

Androssy,
n. gen,
Steiner,

1959 (Nematoda:
(with D.C. H, Corbett

fil:Ylll.fil

1949 (Nematoda: Tylenchoidea).

~:
Present

Born:

Vaughan H. Shoemaker
Position:

April

M. A,
Ph.D.
Previous

'

Professor of Zoology, Department of Life
University of California,
Riverside,
since

4, 1938, Chicago,

A. B.

Degrees:

Assistant
Sciences,
1965.

Illinois

Earlham College, Richmond, Indiana, 1959
University
of Michigan, Ann Arbor, Michigan,
University
of Michigan, Ann Arbor, Michigan,

1961
1964

Career:

1960 (summer)·

Bermuda Biological
Research Assistant

Station
•·

1959-1961

University

of Michigan,

Teaching Fellow.

1964 (summer)

University

of Michigan,

Lecturer.

1964-1965 • ••

University

of Michigan,

Instructor.

1965-1966

University
of California,
Riverside.
and Assistant
Research Zoologist--55%
45% Dry Lands Research.Institute.

1966-present

University

of California,

and University

of Michii~~.

Assistant Prof~sscr
Life Sciences,

Department of Life Scien~es.

Re_levan_t_a_n_dRecent Publications:
1967

Aspects of water and electrolyte
changes in a field population
of A.mJ>J:iiboluruslizards.
Comp. Biochem. Physiol. 20:855-865
(with Bradshaw)

1967

Thermal dependence of water and electrolyte
excretion in two
species of lizards.
Comp. Biochem. Physiol. 23: 255-262 (wit:11
Licht and Dawson)

1968

Effect of hypothalamic lesio'ns on the wate·r-balance response
of a toad (Bufo marinus).
Comp. Biochem. Physiol. 24:47-5.!:.
w:=iring),

(wF):-i.

1969

Seasonal changes in body fluids in a field population of spede~~0t
toads.
Copeia 1969(3):583-591
(with Mcclanahan and Ruibo.1)

1970

Diet, behavior.and
water turoove.r in the desert iguana, D:ip.c,_csv·'r,·:_
dorsalis.
Ame;:_:!._ca.!!_tf_idland
Naturalist
(in press)
(with i:Ur..21cl/;

Name:

John J.

Present

Skujins

Positon:

Born:

April

Degrees:

Previous

Associate
Professor
of Soil Microbiology
and
Biochemistry
in Department of Bacteriology
and
Public Health, and Department of Soils and 1·1eterology,
Utah State University,
Loga~, Utah, since 1969

15, 1926

J. W. Goethe University,
Frankfurt,
Germany, 1946-1948
A. B; University
of California,
Berkely,
1957
Ph~D. University
of California,
Berkely, 1963
Career:

1962-1964

Research Associate
Cornell University

1964-1969

Research Biochemist
and Plant Nutrition

1966-1967

Lecturer in Soil Biochemistry
University
of California

1967-1968

Project

Director,

with Professor

M. Alexander,

in Soil Biochemistry,
Dept.
and Microbiology,
University
and in Plant

NASA grant

Microbiology,
of Soils
of California

Eutrition·,

NSG 704

Relevant_ an<! Recent Publications:
1962

Sterilization
of soil by irradiation
on soil enzyme activity.
Soil Sci.
(with McLaren and Luse)

1962

Characterization
,.,ith an electron
McLaren)

1963

Nitrification
by Nitrobacter
agilis
on surfaces
and in soil
with respect to hydrogen ion concentration.
Canadian J.
Microbial 9:729
(with McLaren)

1964

Spectrophotometric
determination
Anal. Chemistry 36:240

1965

14
C ~ detection
chamber for studies
Biologie de Sol, N.S. Nr. 4:15

1967

Enzymes in soil.
N. Y.,

and some further
Soc. Amer. Proc.

observations
26:371

of phosphatase• in a .ternisfrial
:soil ,s.teriJ::ized
beam. Enzymologia 25:125 (with Braal and

In Soil

of nitrate
on soil

Bi.o_':_!'iemistrv (V•l.

with 4-methylumbelliferone
metabolism
1) Marcel

Dekker,

371

196 7

Physical environment of microorganisms
in soil.
.of__So.i.l. Bac!eria Livnpool
Univ'. Press. 3 (with

1968

Enzyme reaction
and g·eologically

rates at limited
preserved
soils.

In Ec,.logv
McLareu~

water activities
in stored
Enzymologia 34(with McLaren)

Name:

Elbert

Present

L. Sleeper

Position:

Born:

Professor
of Entomology, California
State College
at Long Beach, Long Beach, California,
since 1957

1927 at Columbus, Ohio

Degrees:

Previous
1953-1957
Relevant

B. A.,
B. S.,
M. s.,
Ph.D.,

Otterbein
University,
Ohio State University,
Ohio State University,
Ohio State Utiiversity;

1948
1952
.1954
1956

Career:
Research

Assistant,

Ohio Biological

Survey

and Recent Publications'.

1965

The distribution
of the insects and some insect allies
of
Joshua Tree National Monument. Report to the Dept. of
Interior,
u. S. National Park Service:

1969

The distribution
and origins 6f the Curculionidae
and related
families
of Coleo~tera of the ~oreal forest regions of B~je
California.
Bull. Southern Calif.· Acad. Sci. (in press)

1970

Studies of the distribution
.and ecology of the montane snout
beetles and related groups in ~aja California
Sur, Mexico.
Yearbook of ___
the American Philosophical
Society

1

•

Name:

Edwin L. Smith Jr.

Present Position:
Assistant
Range Management Specialist
BOT£:

San Marcos,

B.

Deg~:

s.

M. S.
Ph.D.
Previous

Texas,
Colorado
Colorado
Colorado

Professor
of Range Management and Asni~tant
(since July 1, 1969), University
of Ari~ona
August 13, 1936
1958
1964
1966

St.ate University
State University
State University

Career:

1958-1959

Fulbright

1960-1961

Private

1961-1963

Instructor

1963-1965

Graduate

1965-1966

Instructor
University

1966-1969

Forage Crop & Range Management Advisor
A.I.D.
Contract in Fortaleza,
Brazil

Relevand

Scholarship

to Australia

Industry
of Range Management - Colorado
Resident

Assistant

of Forestry

- Colorado

& Natural

State

State

Resources,

University

University
(Colorado State

- University

of Arizona

and Recent Publications:

1960

Effects of burning and clipping
at various times during the wet
season on tropical
tallgrass
range in Northern Australia.
~Range Mgmt. 13: 197-203

1964

Effects of asphalt-emulsion
mulch on germination
and growth of blue grama grass.
M, S. Thesis

1q66

Soil-vegetation
Park, Colorado.

establishment

relationships
of some j\.r.t_~~isia types
Ph.D. Dissertation.

in North

Name:

Howard Duane Smith

Present
Born:

Position:
June

Degrees:

Previous
1968-1969·

25,

Assistant
Professor
of Zoology,
Brigham Young University.
1941 at Fillmore,
Utah.

B.S.,
Brisham Young University,
M.S., Brigham Young University,
Ph.D.,
University
of Illinois,

1963.
1966.
1969.

Career:
Instructor~

University

of Illinois.

...'

Name: Howard W. Smith
Present
Born:

Position:

Professor

of Entomology, University

November 11, 1915 at Chelsea,

Degrees:

University
University
Ohio State

B . S.
M. S.

Ph.D.

Instructor
Instructor

Career:

Relevant

an4_R~cent Publications:

1962

An electrolytic
respirometer
Practice 11:741-746.

1970

Effects

at Purdue University
at the University of Connecticut

of age, sex,
of

the

Massachusetts

of New Hampshire, 1937.
of New Hampshire, 1938.
University,
1950.

Prevfous

consumption

of Idaho.

light,

red

flour

with microlitre
and relative
beetle.

(In

sensitivity.

Laboratory

humidity on the oxygen
preparation)

Name:
Present
Born:

Alvin R. Southard
Position:

Associate Professor,
Department of Soils
Meteorology, ·litah ·state University

and

June 30, 1926

Degrees:

B. S.
M. S.

Ph.D.
Previous

Utah State University,
Logan, Utah, 1957
Utah State University,
Logan, Utah,1958
Cornell University,
Ithaca, New York, 1963

Career:

1953-1957

As unden~raduate
in Agronomy Department, Utah State
University,
worked on soil surveys in Weber, Davis and
Cache Counties, Utah.
As graduate research assistan~
mapped, sampled and analyzed soils in Cache National
Forest in Northern Utah.

1958-1960

Soil Technologist
at Cornell University.
Served as
Party Chief for soil survey of Fulton and Montgomery
Counties, New York.

1963-1966

Assistant
Professor
of soils at Montana State University
at Bozeman. Teaching soil classification
and genesis
and morphology.
As state soil survey leader, responsible
for soil characterization
and correlation
to support
soil survey program in Montana.

1966-1967

Associate

1966
summer

8th qua~ter leave
tundra in Alaska.

1966
Nov. Dec.

Special Consultant
for Charles
Equador, Soil Investigations.

1967 -

Associate

Relevant

Professor

Professor

of soils
(Sabbatic)

with same duties.
studying

of Soils,

soil

of Alpine

T. Main Company in
Ut2.h State

Un:i.versity

_and Recent Publications:

1966

Parent material-clay
relations
in some northern
SSSA Proc.
30: 97-101 (with Miller)

Utah soils,

1966

Physical properties
of soils.
A 20-minute 16mmcolor-round
motion picture showing soil properties
and their evaluation
in the field.
Montana Extension Service

1967

Clay mineralogy of slick spot soils.
Montana Experiment Station Quarterly
Montana.
(with Klages)

1967

Utah Science 28: 130-131 (4).
Utah Agricultural
Station.
Logan, Ut~1 (with Wilson)

19641%7

Soil Sections of Water Resources Bulletins
Teton, Pondera, Hill and Carbon Counties,
Water Conservation
Board of Montana.

NOW2: 8-9 (4).
Publication
Bo~eMan>
Expe~imc~~

for Chouteau,
MontanR. State

Alvin R. Southard (continued)
1968
Weathering of montmorillonite
during forr:Jatio::: of a coJ.odic
soil and associated
soils.
Soil, Scirrq,c_~_ 106: ]63~368
(with Klages)

1969

Soils

1970

Patterned
ground indicates
Soil and Water Conservation
Williams)

1970

Surficial

in Montana.

(submH'.ted

Montana-~periment

Station

Bulleti~

uns-table landscapes.
J,
(submitted Feb. 1970) (with

geology and land-use problems.
Feb. 1970) (with Williams)

Utah Science

(#621)

Name:

Eugene E, Staffeldt

Present Position:
Professor of Biology,
Las Cruces, New Mexico, since 1953
~:

February

11, 1926, Naperville,

M. S.

Ph.D.
Previous

University,

1949

Career:

1950-1953

Graduate

1953-1955

Assistant
Professor,
Cruces, New Mexico

1955-195 7

Consultant
to New Mexico State University-ICX
with University
of Sind, West. Pakistan

195 7-1964

Associate Profes~or o,f Biology,
Las Cruces, New Mexico

1964-1965

Visiting

1965Present

Professor of Biology,
Cruces, New Mexico

J

Relevant

University,

Illinois

Notthern illinois·state
towa State, 1951
Iowa State, 1953

B. S.

Degrees:

New Mexico State

Assistant,

Iowa State
New Mexico State

University,

•

professor

(Sabbatical

Contract

New Mexico State
leave).

New Mexico State

Las

Uni\!t~r?ity

at American Un:!.v,
University,

Lns

and Recent Publications:

1963

BOD of selected organisms
Water and Sewage Works·. 110: 258289 (with Young and Clark)

1965

Colonization
of organic traps by microorganisms
in Kwajalein
Island soils
International
Biodeterioration
Bulletin
1,
(2), 33-37 (with Calderon)

1966

Microbial deterioration
of engineering
materials
1966 IEEE
Conference - Electronic
Reliability,
21-1 to 21-9.
Inst, of
Electrical
and Electronic
Engineers
(with Caldsron an<l
Sandoval)

196 7

Possible degradation
of metals by microorganisms
Microbial,
8: 321-326 (with Calderon)

1967

Corrosion caused by organic acids reacting
with special emphasis on Krebs cycle acids
8:33-338
(with Burns and Calderon)

1968

Microbial inhabitants
of a tropical
deciduous for.est s0il in
the Canal Zone D~vel. Ind. Microbial.
9: 312-317 (·11.i.tb
Hutton and Calderon)

1968

Aerial spora and surface deposition
of microorganism~ inn
dee iduous forest in the Canal Zone Deve 1. Ind. Mic rob i:) l.
9: 318-324 (with Hutton and Calderon)

De'7,ol. Ind.

with three metals,
Devel. Ind. )'~Lcn:oio·~ .•

Name:

Clair

Present

B. Stalnaker

Position:

Born:

July

Degrees:

Assistant
Professor,
Wildlife
Reso11rces,
Assistant
Leader, Utah Coop Fish Unit,
Utah State University

21, 1938, Parkersburg,

B. S. F.

Ph. D.
Previous

Wildlife

1957

Fire

~ant
1970

Aide,

Control

'Assistant

1960-1966

West Virginia University,
1960
North Carolina State University,

1966

Career:

1956

1959

West Virginia

Research
and Recent

W. Va. Conservation

Aide,

U.S. Forest

County Forester,
Assistant,

Commission

Service,

St.

Regis,

W. Va. Conservation

North Carolina

State

Mont.

Comm.

University

Publications:

Systematic studies of the Cyprinid
Gila of the upper
Colorado River basin.
Copeia (in press)
(with Holden)

Name:

L. Charles

Present

Position:

Born:

April

B.S.,
M.S.,

Previous

Career:

Relevant
1970

1938 at
Utah
Utah

Associate
Beth~s-da,
and Recent
A

J.
1970

Research
Assistant,
Wildlife
Resources,
Logan, Utah.

13,

Degrees:

1962-1964

Stoddart

telemetric
Wildlife
I

State
State

Logan,

of
University,

Utah.

University,
University,

Investigator,
Mary land. •

Department
Utah State

1960.
1962.

National

Heart

Institute,

Publications:
method for detecting
Mgmt.
34 (3).

animal

mortality.

Influence
of coyote predation
on late decline
and
early
increase
of black-tailed
jackrabbit
populations
in Utah.
In Alfred W. Erickson
and
Forest
Stearns,
eds.;
Predator
ecology
and
management.
Univ.
Minnesota
Press.
In press.

~:

Lewis H. Stolzy

Present

Position:

Born:

Professor
of Soil Physics,
Plant Nutrition,
University
Riverside,
California.

Department of Soils
of California,

and

December 11, 1920

Degrees:
Previous

B. S. Michigan
Ph.D. Michigan

State
State

University,
University,

1948
1954

Career:
,.

1948-1950

Soil

1950-1952

Acting Project
Supervisor,
Lansing, Michigan

1954-1961

Assistant
Irrigation
Engineer,
and Soils, Riverside~California

1961-1967

Associate
Nutrition,

Soil Physicist,
Department
University
of California,

1967

Professor

of Soil

Relevant

Conservationist

and Recent

Research,

rSDA

SSDA, Hydrologic
Department

Statton,

Enst

of Irrigation

of Soils and Plant
Riverside,
California

Physics

Publications:

1962

Hydraulic
studies.

gradients
Soil Sci.

associated
with infiltration
Soc. Ame~. Pcoc. 26:112-115.

. in field
(~ith Cannell)

1965

Effects
of climatic
factors
on fruit volame increase
and leaf
water deficit
of citrus
in relation
to soil suction.
Soil s~i.
Soc. Amer. Proc. 29:205-208.
(with lombar.d, Garber snd Szunkie;-~~-"z)

1965

Soil aeration
and root-rotting
fungi as factors
in decay of
citrus
feeder roots.
Soil. Sci. 99: 403-406. (wlth Letey,
Klotz, and Dewolfe)

1967

Tracer studies
corn and rice.

1968

Mechanical resistance
encountered
by roots entering
soils.
Soil Sci. 105: 297-301.
(with Barley)

1968

Physical factors
affecting
Phytopathology
58:889-899

1970

Oxygen diffusion
in the soil-plant
62 (witJ:x Luxmoore and Letey)

1970

Oxygen diffusion
in the soil-plant
system.
II.
Respiration
rate, permeability,
and porosity
of consecutive
excised
segments of maize and rice roots.
Agron. J. 62 (with Lu:anoore
and Letey)

1970

Dry land sorghum production
structural
modifications.

of oxygen diffusion
through ro0ts of barley,
Soil Sci. 103:23-29
(with Jensen
and Letey)
compact

soil microflora
and microfauna.
(with Van Gundy)
system.

I.

A model.

!:._gron_,:r_.

under microwatersheds
,:ind subsoil
Soil. Sci, Soc. Amer. Proc. (in press)

Name:

Wilmer W. Tanner

Present Position:
Provo, Utah,
~:

Professor

of Zoology,

December 17, 1909 Fairview,

Degrees:

A. B.
M. A.

Ph.D.
Previous

Brigham Young University,

Utah

Brigham Young University,
1936
Brigham Young University,
1937
University
of Kansas, 1949

Career:

1937-1946

Science

1947-1949

Instructor,

1949-1956

Assistant

Professor,

Brigham Young-University

1957-1961

Associate

Professor,

Brigham Young University

1962-1969

Professor,

1960-1968

Editor,

1960-1965

Secretary-Treasurer,
Letters

Utah Academy of Sciences,

1960-1968

Secretary-Treasurer,

Academy Conference

1960-1969

Fellow of AAAS

1959-1964

Principal
Investigator,
Areas of Southeastern

AEC Grant,
Utah

1965-1969

Principal
Investigator,
at Nevada Test Site

AEC Grant,

1968

President-Elect,
the Distinguished

Herpetologists'
Service Award

1969

President-Elect,

Academy Conference

Relevant

Teacher,
•

~

< -

Provo City Schools,
-·

University

of Kansas,

Utah

Lawrence,

Kansas

Brigham Young University
Herpetologica,•

Journal

of Herpetolo~ists'

League
Arts and

(AAAS affiliate)

Vertebrates

in Uranium

Ecology of Reptiles
League and Recipient

of

and Recent Publications:

1957

A taxonomic
skiltonianus)

and ecological
study of the western
Great Basin Nat.
17: 59-94

skink

(Enm~:£~

1957

A taxonomic and distributional
of the milk snake, Lampropeltis
60: 12-42

1958

Zoology of the upper Colorado River Basin. I. The biotic
communities.
Brigham Young University
Sci. Bull., Biol.
Series 1: (3) (with Hayward and Beck)

study of the western subspecies
doliata,
Kansas Acad. Sci~

lJilmer W. Tanner

(continued)

t963

The application
of the density probRbili!:y fo:r:ction to c'.etermine the home ranges of Yt~ stansburia~a
staJGQµ~lana and
Cnemidop~
tigris
tigris.
Herpetologica
15: 105-115.
(with Jorgensen)

i963

The systematics
of £rotaphytus
wislizeni,
the leopard
lizards.
Part I. A redescription
of Crotaphytus wislizen~
wislizeni
Baird and _Girard, and a descriptio~
of a new sub~
species from the upper Colorado River Basin.
Great Bas_i~
Naturalist
23: 3-4 (with Banta)

1963

Reptiles
of the Nevada Test Site.
Brigham Young University
Sci. Bull. Biological
Series,
3:(3) (with Jorgensen)

1964

A brief historical
resume of herpetological
Great Basin of the western United States.
Reptiles.
Great Basin Naturalist
24:(2)

1965

A comparative population
study of small vertebrates
in the
uranium areas of the upper Colorado River Basin of Utah.
Brigham Young Univers_it__y Sci. Bull. _ Biol9.g.ical Series,
Vol
7, No.1.

1969

The ecology of the western spotted frog.
Baird and Girard.
A Life History Study.

29(2)

(with Morris)

studies
in the
Part I. The
(with Banta)

R™ pretiosa
pretio~a
Great Basin Naturalist

~:

Lloyd P. Tevis

Present Position:
Associate
Boyd Desert Research Center,
since 1960
Born:

Specialist,
University

June 13, 1916 at San Mateo,

Degrees:
Previous

A, B., University

Department of Life Sciences,
of California,
Riverside,

California

of California,

Berkeley,

1939

Career.:

1939-1942

Hastings

Reservation,

University

of California.

Observer

1946-1949

Hastings
Assistant

Reservation,

University

of California.

Research

1950-1951

University

of California~

Berkeley.

1952-1955

University

of California,

Davis.

1956-1960

California

Institute

1960present

University
Sciences.

Relev..a.J.1!:.
and Recent

Laboratory

Assistant

of Technology,

of California,·

Sr.

~echnician.

Specialist

Pasadena.

Rive1~side., .Department

Research

Fellow

of Life

Publications:

1958

Germination and growth of ephemerals
desert.
Ecology
39: 681-688

induced

by sprinkling

1958

A population
of desert.· ephemerals· germinated
inch of rain.
]f..Ql<?.&Y- 39: 695-694

1958

Interrelations
between the harvester
and some desert ephemerals.
Ecology

1960

Angelothrombium E.2_.ndoraeN.F., N. Sp. (Acari ., Trombidiidae),
and notes on the biology of the giant red velvet mites.
[\.nnal.§.
of the Entomolokical
Society of A~~rica. 53(3): 293-304 (with
Newell)

1962

Studies of the biology and seasonal cycle of the giant red velvet
mite, Dinothrornbium p~ndorae (Acari, Trombidiidae).
Ecology
43(3): 497-505 (with Newell)

1966

Unsuccessful
breeding by desert toads (Bufo punctatus)
limit of their ecological
tolerance.
~Ecology 47(5):

1969

The terrestrial
ecology of the spadefoot
toad Scaphiopus
Copeia (3) 571-584 (uith 'Ruib~l 1-mdR'oig)

by less

ant Veromessor
j~: 695-704

a sandy

than one
pergandei

at the
766-775
hamrnondi

~:

John L. Thames

Present

Position:

Professor,
Univ~rsity

Degrees:

B.
M.

s. ,
s.,

Ph.D.,
Previous

1951-1953
1953-1955
1955-1963
1963-1966

of Watershed
since 1969

Management,

9, 1924 at Richmond, Virginia

September

~:

Department
of Arizona

of Florida,
1950
1960
of Mississippi,
of Arizona, 1966

University
University
University

Career:
Research Forester,
US Corps of Engineers, Waterways Experiment
Station,
Vicksburg, Missts~ippi
Project Leader, Lake States Forest Experiment Station,
Rhinelander, Wisconsin.
Hydrologist,
Southern Forest Experiment Station,
Oxford,
Mississippi
•
Research Associate,
Department of Watershed Management, University
of Arizona, Tucson,: Arizona

·Relev_<l_!l_t_
and _:'R._ecentPublications:
1955

Soil moisture regime in forest and non-forest
sites in northern
Wisconsin,
Soil Sci. So~iety of America Proceedings.
19 (30) :381-·384
(With J. H. Stoeckeler,
and R. Tobiaski)

1956 Properties
of 160 ~oils
Forest Experiment Sta.,

of four north central
Station Paper No. 38

1959 Measuring soil moisture over large areas
of moisture units.
Jour. of Geophysical
1

.states.
Lake States
(With E.
Swensen)

I~

with-single
installation
Research
64(2):257-262

1960

Runoff as a function
Geophysical Research

1961

Effects of wax coatings on leaf temperatures
of Pin~ taeda seedlings.
Plant Physiology

of moisture-storage
capacity.
Jour.
65(2) :651-654 • (With S. J. Ur sic).

1963 Drought r~sistance '
of loblolly
sources.
Ecology 44:165-169.
1968 An analysis
o~ the vertical
Water Resources Research.

and field
36(2)

pine from four geographic

survival
seed

infiltration
of water into soi]
4:817-828
{With D.D. Evans~

1969 A direct passive analog model of a watershed.
Meeting Amer. Geophys. Union, San Francisco

soil sampling guide.
Accepted
Research
(With J. R. Ryan)

columns.

Paper presented Anm•al
(With R. M, Tinlin)

1970 Application
of a computer model to a desert watershed.
Agric, in Arizona
22:32-33
(With J. Kitchen),
1970 Watershed
Resources

of

f!;.£3.•

for pub. by Wate.1;_

Name:

Irwin P. Ting

Present

Position:··

Born:

January

Associate ·Professor and Associate Plant Physiologist,
University
of California,
Riverside,
California

13, 1934.

San Fi~ncisco,
.

Degrees:

Previous

B. S. University
of Nevada,
M. S. University
of Nevada,
Ph.D. Iowa State· Universfry,

1960
1961
1964

Career:

1964-1965

NSF Postdoct'oral

1965-1966

~ry-Lands

Research

Institute,

1966-

Associate

Professor,

UCR

Relevant

California
.

Fellow,

UCR
UCR

and Recent Publications

1965

Further studies
concerning stomata!
40:220-228.
(with Loomis)

1966

co 2 fixation
in Q~untia
(with Dugger)

1967

Photosynthesis
in chlorophyllous
stem tissue and leaves of
Cercidium floridum:
Accumulation and distribution
of 14C from
14c . Plant Physiology 42:1797-1799 (with Adams and Strain)
02

1967

Leaf resistance
to water vapor transfer
in succulent plants:
Effect of thermoperiod,
_American Journal Bo.tany 54: 245-251
(with Thompson and Dugger)

1968

Nonautotrophic
carbon dioxide metabolism
Gaze~te 129:9-15
(with Dugger)

1968

Intracellular
phylloclades.

1968

Malate dehydrogenase
Opuntig stem tissue.
(with Mukerji)

1969

Malic dehydrogenase isoenzymes of green stem tissue of QQ.Y..rlti_a:
Isola ti on .1nd charactcri. znti on. Arch.,___Biochem. _BiQP_lfil., 131:
3%-351.
(with Mukerji)

roots.

Plant

diffusion.

fj~ysiology

Physiology

in cacti.

41: 500-505

Botanical

localization
of CO2 metabolism enzymes in cactus
"?hytochemistn
7: 903-911
(with Mukerji)
(decarboxylating)
(NADP) isoenzymes
Jli.Q.c.hrn_._~ophys. Acta 167:239-249.

of

Name:

E.W.

Present

Tisdale

Position:

Born:

Professor
of Range M3m't. and As~oc. Director
F. W.R. Experiment Station,
University
of Idaho,
Moscow, Idaho

March 10, 1910, Argyle,

Degrees:

Previous

B. S., University
M. S., University
PH.D., University

Manitoba,

Canada

of Manitoba, 1930
of Minnesota,
1945
of Minnesota, 1948

Career:

1931-194 7 Asst. Agrostologist
to Agrostologist,
Canada Dept. Agr.
1947-1953 Associate Professor,
University
of Idaho.
1953Professor
and Assoc. Director,
University
of Idaho.

1963

Secondary succession
in annual vegetation
Ecology 44:810-812 (with Hironaka)

1965

An area of pristine
vegetation
in Craters of the Moon
National Monument, Idaho.
Ecology 46:349-352.
(with Fosberg
and Hironaka)

1966

Vegetation
and soil development on a recently
glaciated
area
near Mount Robson, British
Columbia.
Ecology 47(4)517-523.

1966

Uniform garden studies on the Artemisia
tridentata
Nutt.
complex in interior
British
eolumbia.
Canadian Jour. of
Botany, 44:1623-1632.
(with }furchtind":•.auci ··Mcl:eilh)

1967

A study of dry-land conditions
and problems in portions
of
southwest Asia, east and north Africa,
and the eastern
Mediterranean.
Sabbatical
Report, 1965-66.
Report No. 3,
~ry-lands Research Institute,
Univ. of Calif.,
Riverside,
9a li f_Q!!ll<!.

in southern

Id:'lho.

4 8 p.

1969

The sagebrush region in Idaho.
A problem ·in range resource
management.
Univ. of ·Idaho Agric. Exp. Sta. Bull. 512. 15p.

1969

Effects of litter
of A;temisia,
Chrysothamnus,
and Tortula
on gennination
and growth of three perennial
grasses.
Ecolo_gy_
50(5):869-874.

Name: Charles H. Trost
Present
Born:

Position:
April

Degrees:

,Assistant

2, 1934, Erie,

B. S.
M. S.

Ph.D.

Pr,afessor,

Idaho State University

Pennsylvania.

Penn. State Univ., 1960
Univ. of Fla., 1964.
Univ. of Calif. Los Angeles,

'1968.

R~levant and Recent Publications:
1963

Food of the barn owl in Florida.
26:382-384.
(J. H. Hutchison)
r
,
.

1963

Body temperature

1965

Oxygen consumption and water loss in the Inca dove, Scardafella
inca. Am. Zoologist
5:72-73.
(with
MacMillen.)

1966

Water economy and ~.alt balanc~ in white-winged
Auk 83:441-456.
(R. i. MacMillen)
'

1967

Thermoregulation and water loss in the Inca dove .. Comp. Biochem.
Physiol.
20: 263-273.
('with !facMillen.)

1967

Nocturnal hypothermia in the Inc.a dove, Scard?fella
Biochem. Physioi ... 23:24'3~253. (.with, Mad1illen)

1968

.Life history of the dusky seaside sparrow. .In·.Life Histories
of North American Birds, part 2, ed. 0. 1.' Austin, Jr.
Smithsoni~n
Press, Washington, D. C. pp. 849-859.

1968

Adaptations
Dissertation,

1970

Physiology of the African mousebird,
(In press ) ( with. Bartholomew )

variation

Quart. J. Fla. Acad. Sci.

in owls.

M. S. Thesis

and Inca· doves.

inca.
--

of horned larks to stressful
environrne~ts.
University of California at Los Angeles.
Celius striatus.

Com?,

Ph.D.
Condor.

~:

Peter

H. Tsao

Present Position:
Associate Professor
of California,
Riverside,
California
~:

of Plant

Pathology,

University

March 22, 1929

Degrees:

B. A. University
Ph.D.

Previous

University

of Wisconsin,
of Wsiconsin,

Madison,
Madison,

1952
1956

Career:

1956-1958

Junior

1958-1964

Assistant
Plant Pathologist
and Asst. Professor
Pathology, University
of California,
Riverside

1964present

Plant

Pathologist,

University

of California,

of Plant

Associate Plant Pathologist
·and Associate Professor
Pathology, University
of California,
Ri~erside.

1966-1967

Relevant

Riverside

of Plant

Guggenheim Fellow: Vistting
Professor at Kyoto Prefectural
University
and Visiting
Lecturer at Kyoto University,
Kyoto
Japan
and Recent Publications:

1966

Chlamydospores of Thielaviopsis
basicola as serviving propagules
in natural soils.
Phytopathology 56: 1012-1014.
(with Bricker)

1966

Stimulation
of bacteria
and actinomycetes
by the polyene antibiotic
pimaricin in soil dilution
plates.
Canad. J. Microbial. 12: ;0911094 (with Thieleke)
'

1968

Germination of chyamydospores of 1:luJ;ouhthora parasitica
Phytopathology 58: 1070. (with Bricker·:,,-

1959

Selective
isolation
of species of Phytophthorafrom
natural r.oils
on an improved ·antibiotic
medium. NatuJ..e ~23·: 636-638 (with Oc.:t~•::)

1969

Vital fluorescence labeling
of Phytophtora parasitica.

1969

Studies on the saprophytic
behavior of Phvtophthora E.:.:~iti21!
in soil _In:Chapman, H.D. (ed.)
Proc. First International
Citrus
Symposium, Vol. 3 pp. 1221-1230

as applied to soil ecological
Phytopathology 59: 16

in soil.

studi?,s

N211'.e: Thomas C. Tucker
Present
gorn:

Position:

Professor of Agricultural
Chemistry and SciJs,
of Arizona, Tucson, Arizona, since 1956

University

November 1, 1926

De~rees:

B.S., University of Kentucky, 1949
N.S., Kansas State University,
1951
Ph.D., University of Illinois,
1955

EEevious Career:

1955-1956 Assistant
•i956-1959 Associate
Arizona,

Professor

of Soils,

llississippi

Professor, Agricultural
Tucson, Arizona

State

University

Chemistry and Soils,

University

of

Relevant and Recent Publications:

1952 The influence

of applied boron, magnesium, and potassium on the growth
and chemical composition of red clover grown under greenhom:e condi tior.s.
Soil Sci. Soc. Proc. 16:252-255.

1953 Zinc status
method.

of some Illinois
soils as estimated
Soil Sci. Soc. Proc. 17:111-114.

1959 Hay production
51:669-672.

of small grains

utilizing

city

by an Aspergillus

sewage effluent.

niger
A~ron, __:I.

1963 Absorption

of phosphorus by cotton from fertilizers
of different
phosphor,.1.s
water solubilities
as related to stage of plant growth at the time of
application.
Soil Sci. Soc. Amer. Proc. 27:397-401.

1965 The separation
J. Chromatog.

of simple sugars by cellulose

1966 Spectrophotometric
cellulose

thin-layer

1967 Nitrogen effects

thin-layer

chromatography.

17:300-306.
determination using anthrone for sugars separated
chromatography.
J. Chromatog. 21:335-337.

on cotton:
Soil Sci. Soc ._Amer. Proc.

I. Vegetative

31:780-785.

and fruiting

characteristics.

by

Name:
Present

Bern:

Paul T. Tueller
Position:

Associate Profe~sor of Range Science and Associate Range Ecologist,
Max C. Fleischmann College
of Agriculture
and Nevada Agricultural
Experiment Station,
University
of Nevada, Reno

July 30, 1934

Degrees:

B. S.
M.

s.

Ph.D.
Previous

Idaho State College,
1949
University
of Nevada, 1959
Oregon State University,
1962

Career :

1957-1959

Graduate
Nevada

1959-1962

Graduate Research Fellow,
Corvallis,
Oregon

1962-1966

Assistant
University

Professor
and Assistant
Range Ecologist,
of Nevada, Reno, Nevada

1967present

Associate
University

Professor
and Associate Range Ecologist,
of Nevada, Reno, Nevada

Relevant

Research

Assistant,

University
Oregon State

of Nevada, Reno,
University

and Recent Publications:

1959

Establishment
of grasses to increase grazing capacity
and
control of halogeton on difficult
range sites in northern
Nevada. M.S. Thesis, University
of Nevada, Reno

1962

Plant succession
eastern Oregon.

1963

Frequency sampling in sagebrush bunchgrass vegetation.
Ecology.
44(4): 1963 (with Hyder, Conrad, Calvin,
Poulton, and Sneva)

1965

Galleta production
in Nevada.
Pn~g~ss Repor!=, Plant_ Science
~evada .. April 1965

1969

The vegetation
and soils of the Co:f1s-Creek·t¥.atorshed.
Nevada
Agric. Exp. Station Technical Bulletin
R48. Reno (with
Blackburn, Eckert; part of a series of publications
on 12
different
range watersheds in Nevada)

on two Artemis~~ habitat
types in southPh.D. Thesis, Oregon State University

Range Management Research
Division,
University
of

Paul T. Tueller

(continued)

1969

Control of green ·rabbitbrush
and Picloran.
Weed Science

and hig sagebrush with 2 ,4-D
17:233-235
(with Evans)

1970

Changes in crested H.1eatgrass ranges under different
gradng
treatments.
Jour. of Range Mgmt.23:27-34.
(with Robertson,
Neal,and MacAdams)

1970

Symposium on pasture ·methods for maximum production in beef
cattle:
Competitive use of the range forage resource.
Jour.
of An. Sci. 30:115-121
(with Lesperance and Bohman)

I

~:

Frederick

Present

B. Turner

Position:

February

~:

Degrees:

Research Biologist,
Laboratory of Nuclear Medicine
and Radiation ·Biology, University
of California,
Los Angeles, California

University
University
University

A. B.

M. A.
Ph.D.
Previous

Illinois

4, 1927, Carlinville,

Career:

1952

Instructor

in Biology,

1953

Seasonal

Park Naturalist,

1956

Instructor

in Biology,

1960

Visiting
Ass't Professor,
Department
of California,·Los
Angeles

1961

Laboratory of Nuclear Medicine
of California,
Los Angeles

&.!~yant

1949
1950
1957

Berkeley
Berkeley
Berkeley

of California,
of California,
of California,

and Recent

Illinois

College,

Death Valley
Wayne State

Jacksonville,
National

University,

Monument, Calif.
Detroit,

of Zoology,

and Radiation

Ill.

Mich.

University

Biology,

University

Publications:

1963

A survey of the herpetofauna
Great Basin Nat. 23:119-128

1964

Correlation
of the local distributions
of Dipodomys lllicrops
and D. merriami and of the annual grass Bromus rubens.
S. West. Nat. 9:56-61 (with Rowland)

1965

Growth of lizards
in natural
i~radiation.
Health Phys.
and Lannom, Jr.)

1968

Clutch size of the lizard
Am. Midl. Nat. 80:262-265

1969

Measurement
22:227-237

1969

A demographic analysis
of continuously
irradiated
and
nonirradiated
populations
of the lizard,
Uta stansburianaRadiat. Res. 38:349-356
(with Medica, Lannom, Jr., and
Hoddenbach)

1969

A demographic analysis
of fenced populations
of the whiptail
lizard,
Cnemidophorus tigris,
in southern Nevada. S. West
Nat. 14:189-202
(with Medica, Lannom, Jr.,
and Hoddenbach)

1969

Density and composition of fenced populations
of leopard
lizards
(Crotaphytus
wislizenii)
in southern Nevada.
Herpetologica
25:247-257 (with J. R. Lannom, Jr., Medica and
Tioddenbach)

of noncircular
(with Jennrich)

of the Death Valley
(with Wauer)•

populations
11:1585-1593

area.

exposed to gamma
(with Hoddenbach

Uta stansburiana
in southern
(with Hodrlenbach)
home range.

J. Theoret.

Nevada
Biol.

Nm,1e: John F. Vallentine
P1:·'-'scnt Position:

Associate Professor of Botany
Brighrun Young University,
Provo,

Born: August 1, 1931,
Degrees:

at Ashland,

Clark,

Utah

Kansas

B.S. Kansas State University,1952
M.S. Utah State University,
1953
Ph.D. Texas A c, M University,
1959

Previous Career:
1952
Rn.nge Aid (Research),
U.S. Forest Service
1955
Range Conservationist,
B.L.M.
1956-57 Research Assistant,
Texas Agric. Expt, Sta.
1958-62 Asst. Prof., Utah State University
(Range Management)
1962-68 Assoc, Prof.
University
of Nebraska (Ra:age Management)
Relevant

nnd Recent Publications:

1959
1959
1960
1961
1963
1962
1967
1968
1968

Effects of Three Intensities
of Grazing by Domestic Livestock and Deer
Under Yearlong Grazing. Ph.D. Dissertation,
Texas A & M University,
College Station.
83 pp.
Vallentine,
John F., and Vernon A, Young. Factors Affecting
the
Chemical Composition 'Jf Range Forage Plants on the Edwards Pleateu,
Texas Agric, Expt. Sta, Misc. Pub. 384. 8 pp.
Live Onk and Shin Oak as Desirable Plants on Edwards Pleateau Ranges._
Ecology 41(3):545-8.
Important Utah Range Grasses.
~h
Agric, Ext. Cir. 281. 48 pp.
Vallentine,
john F., c. W:1yne Cook, end L. A. Stoc1dn~t. Rnnr,e Seed inc
in Utah.
Utah Agric,. Ext. Cir, 307. 21 pp.
Jensen, Louis A., John~. Vallentine,
and Alvin R. Hamson. Chemical
Weed Control Guide for Utah, Utah Agric. Ext. Cir, 301. 24 pp.
Nebraska R;,nge and Pasture Grasses.
Nebraska Ext. Cir. 67-170. 55 pp.
Vallentine,
John F., and Donald F. Burzlaff.
Nebraska Handbook of
Range Management. Ncbr~ska Agric. Ext, Cir. 68-131,
pp. 50.
Cool Season Grass Can Beast Beef Yield.
Nebraska Farm, Home v.nd
Ranch Quarterly
15(1):7-1.

Name: Seymour D. Van Gundy
Present

Position:

Born:

Professor
of Nematology and Nematologist,
of California,
Riverside

1931 at Whitehouse,

Degrees:

B. A.

Ph.D.
previous

Ohio

Bowling Green State ·University
University
of Wisconsin

Career~

1,()57-1958
1958-1963
1963-1965
1965-1968
Relevant

University

Junior Nematologist .. University
of California,
Riverside
Assistant
Nematologist,
University
of California,
Riverside
Associate Nematologist
and Lecturer,
University
of California
Riverside
National Science Senior Postdoctoral
Fellow at C.S.I.R.O.
Adelaide, South Australia

and Recent Publications:

1965

Factors

1965

Nematode Behavior.

1965

Scion and rootstock
as factors in the development of citrus nematode
population.
Phytopathology
56:438-441 (With J. D, Kirkpatrick).

1965

Recording CO2 in soil-root
systems with a potentiometer
membrane
electrode,
Soil Sci. Soc. Amer. Proc. 29:631-633 (With C. R. Jensen
and L. H. Stolzy).

1966

Diffusion--exchange
Nature 211:608-610

1967

Aging and starvation
in larvae of Heloidogyne javanica and
Tylenchulus semipenetrans.
Phytopathology
57(6)~559-571 (With
A. F. Bird and H. R. Wallace).

1968

The soil as an environment for rnicroflora
and microfauna,
Phytopathology
58(7) :889-899 (With L. H. Stolzy).

1968

in survival

of nematodes.
• Nematologica

respirometer
(With C.R.

Ann. Rev. Phytopath

3:43-68.

11: 19-32.

using the carbon dioxide
Jensen and L. H. Stolzy).

Influence of soil temperature,
irrigation
and aeration
Hemicycliophora
arenaria.
Soil Sci. 106(4) :270-274.
F. D. }~Elroy, A. F. Cooper and L. H. Stolzy).

elect rode.

on
(With

1968

Observations
on the feeding processes of Hernicycliophora
Phytopathology
58(11) :1558-1565 (With F. D. McElroy).

arenaris.

1969

Sheath nematode, its biology and control.
Proc. 1st International
Citrus Symposium Vol. 2 :985-989 (With F, D. McElroy).

1970

Nematode reproduction
in environments of fluctuating
aeration,
J. Nematol. 2~182-188 (With A. F. Cooper and L. H, Stolzy).

Name: Frank C. Vasek
Pres~
Position:
side, since 1954
~

Professor

of B9tany,

May 9, 1927, at Maple Heights,

Degrees:

B. S.

Ph.D.
Relevant

University

of California,

River-

Ohio

Ohio University,
1950
University
of California,

Los Angeles,

1955

and Recent Publications:

1964

The evaluation
of Clarkia unguiculata
derivatives
adapted
relatively
xeric environments.
Evolution 18: 26-42

to

1966

The distribution
18: 350-3 7'1.

Brittoq,~1

and taxonomy of three

Western junipers.

1968 The relationship
of two ecologically
marginal,
populations.
!merican Nat.
102(923):.25-40
1970

Differentiation

of marginal

1970

Seasonal progression
(with Sauer)

populations

of flowering

sympatric

of Clarkia.

in Clarkia.

Clarkia

(in M.S. form)

(in M.S. form)

Name: Terry A. Vaughan
Present
Born:

Position:

Associate
Flagstaff,

Professor
Arizona.

May 5, 1928, Los Angeles,

Degrees:

B. A.

California.

Pomona College, Claremont, California,
Claremont Graduate School, 1952.
University of Kansas, Lawrence, 1958.

M. A.

Ph.D.
Previous

of Zoology, Northern Arizona University,

1950.

Career:

1952-1954
1956-1958

Teaching Assistant,

1957
(summer)

Mammal Collector
Nebraska.

1958
(summer)

Field Assistant
Kansas.

1958-1967

Research Biologist,
Colorado.

University

of Kansas.

for the Nebraska State
in Vertebrate

Museum, Lincoln,

Paleontology~·

Colorado State

University,

Relevant

and Recent Publications:

1953

Unusual concentration

1954

Diurnal

1954

Mammals of the San Ga',riel Mountains of California.
Publ. Mus. Nat. Hist.
7:513-582

1954

Seasonal distribution
of the hoary bat in southern
J. Mammal. 35:431-432.
(With P. H. Krutzsch,)

1959

The evening bat in Nebraska.
K. Jones, Jr.)

1961

Cranial

1962

Reproduction
43: 1-13

1965

Food habits of the plains pocket gopher in eastern
J. Mammal. 45: 588-598.
(With G. T. Myers )

1966

A coyote-golden
R, L. Engel)

foraging

of hoary bats.

by the great

horned owl.

Fort Colli~s,

Wilson Bull.

66:148

Univ. Kaneas
California.

J. Mammal. 40:246-247.

(With J.

J. Mammal. 42:412-413

pocket gopher in Colorado.

eagle association.

of

J. Mammal. 34:256

asymmetry in the pocket gopher.
in the plains

University

J.

Marnsa.J.,

Colorado.

J. Mammal, 47:143.

(With

Terry A. Vaughan (continued)

2

1966

Morphology and flight
47:249-260

1967

Two parapatric

1969

The skeletal
system.
The muscular system.
Flight
aerodynamics.
In W. A. Wimsatt (ed.)
The biology
Academic Press, New York.
(In press)

1969

Adaptations
for flight in bats.
In Bob H. Slaughter (ed.)
Symposium
on Chiroptera.
Euvironmental Science Section.
Texas Aca. of
Sci.
(In press)

1969

Reproduction and population densities
in a montane small mammal
fauna, p. 51-74.
In;J. K. Jones, Jr. (ed.) Contributions
in
mammalogy. Univ. ~nsas Publ., Mus. Nat. Hist., Misc. P•Jbl_. 51: 1-428

1969

Adaptations for flight in bats.
In:Bob Slaughter (ed.)
Symposium
on Chiroptera.
Southern NethodistUniv.
Press.
(In press·)

1967

Flight patterns
and aerodynamics (vol. 1). The skeletal
system
(vol. 2). The muscular system (vol. 2). In:W, A. Wimsatt (ed.)
Biology of bats.
Academic Press.
New York. (In press)

1970

The transparent
dactylopatagium
.T. Mamm. 51:142-145

1970

Funct:l.onal

(In press)

species

morpho]ogy

characteristics
of pocket

of

of molossid
gophers.

bats.

Evolution

21:148-158
patterns
of bats.

minus in phyllostomatid

monnoopid bats.

J,

J. MamroaJ.

Mamm. 51

and

bats .

~:

Arthur Wallace

Present

Position:

~:

January

Professor
of Plant Nutrition,
University
California,
Los Angeles, since 1962.
4, 1919 at Bear River,

Degrees:

B. S.,
Ph.D.,

Previous

Career:

1951-1956
1956-1962
Relevant-and

of

Utah

Utah State University,
1943
Rutgers University,
1949.

Assistant
University
Associate
University

Professor,
Department of Subtr6pical
Horticulture,
of California,
Los Angeles
Professor,
Department of Plant Biochemistry,
of California,
Los Angeles

Recent Publications:

1951

Measurement and chemical composition of the seasonal new ·gr-ot-1th
of mature Valencia orange trees.
Amer. Soc. ·Hort. Sci. Proc:
58:11-13 (With S._H. Cameron and R. T. Mueller).·

1951

Seasonal uee and loss
Amer. Soc. Hort. Sci.
R. T. Mueller)

1954

Seasonal changes in dry matter and ~utrient
composition of
bearing Valencia ·orange trees.
Proc. Amer. Soc. Hort. Sci.
63:59-66
(With S. H. Cameron and R. T. Mueller)

1954

Nitrogen interchange
during decomposition
of orange and avocado
tree residues
in soil.
Soil Sci. 78:231-242
(With R. L. Smith)

1967

Effect of phosphorus and other deficiencies
on leaf temperature
in tobacco.
Agron. Jour. 59:386
(With E, Frolich and R. T.
Ashcroft)

1968

Germination behavior of Salsola as influenced
by temperature,
moisture,
depth of planting
and gamma irrediation.
Agron. Jour. 60:76-78
(With W. A. Rhoads, and E. F. Frolich)

1969

Effect of soil temperature
and zinc application
on yields and
micronutrient
content of four crop species grown together
in
a glasshouse.
Agron. Jour. 61:567-568
(With E. M. Romney,
V. Q. Hale~and R. M. Hoover)

of nutrients
and dry matt~fr in orange trees.
Proc.
58:5-10
(With S. H. Cameron and

~:

Richard

Present

Position:

Born:

L. Wallace
Assistant
Biological

Professor of Zoology,
Sciences, University

Department of
of Idaho, Moscow, Idaho

August 22, 1933

Degrees:

Previous
1958-1960
1960-1963

1964-1966
1966-1967

Relevant

B. S., Washington State College, 1956
M. S., Oregon State University,
1961
Ph.D., Oregon State University,
1969
Career:
Graduate·Research
Assistant,
Oregon Cooperative Wildlife
Research Unit, Oregon State University,
Corvallis
Fishery Aide, Bureau of Commercial Fisheries,
Biological
Laboratory,
Auke Bay, Alaska, and Graduate Teaching
Assistant,
Department of Fisheries
and Wildlife,
Oregon
State University,
Corvallis
Assistant
in Fisheries,
Department of Fisheries
and
Wildlife,
Oregon State University,
Corvallis
Instructor
in Fisheries,
Department of Fisheries
and
Wildlife,
Oregon State University,
Corvallis,
and Project
Leader, contract study of the Indian Fisheries
of the •
Columbia River
and R.ecent Publications:

1962

Fishery Resources.
In: Atlas of the Pacific Northwest.
3rd Ed. Oregon State Univ. Press, Corvallis
95-98 (With
Howard F. Horton)

1963

The seaward migration and return of hatchery-reared
steelhead
trout, Salmo gairdneri
Richardson,
in the Alsea River, Oregon.
Trans. Am. Fish. Soc. 92(3):202-210
(With Harry H. Wagner,
and Homer J. Campbell).

1966

Tagged salmon and the Indian fisheries.
Ore. State
processed rep. a2 p. (With Howard F. Horton).

1967

Manuscript.
Mortality and distribution
of "early" and "late"
segments of the run of summer chinook and sockeye salmon in
the Columbia River, 1966 (With Howard F. Horton)

1969

Distributions
of fishes in fresh water of Katmai National
Monument, Alaska, and their z oogeographical
i_mplications .
.U:._§. Fish and W.ildl. Ser,, Spec. Sci. Rept. Fisheries
No.
590 20 p. (With William R. Heard and Wilbur L. Hartman).

Univ.,

~:

Charles

Present

R. Ward

Position:

Born:

Assistant
Professor
of Entomology,
University,
Lubbock, Texas

March 25, 1940, Tahoka,

Degrees:

B. A.
B. S.

M. S.
Ph.D.
Previous

Tex~s

South Plains College, 1960
Texas Technological
College
Texas Technological
College,
Cornell University_
1968

1

1962
1964

Career:

1962-1964

N. I. H. Research

Fellow,

Texas Technological

1.964-1967

N. I.

H. Research

Fellow,

Cornell

Relevant

Texas Tech

College

University

and Recent Publications:

1962-1964 Biology and ecology of playa lakes.
In: Multipurpose
Modification
of playa sinks·; Project N.umber 29, Division of
Water Supply and follution
Control, U.S.P.H.S.,
First,
Second,
and Third Annual Progress Reoorts, Lubbock, Texas.
300 pp.
(with Huddleston,
Ashdown, Morris, Forehand, and Francy)
•'
1964 Ecological
changes in modified playa lakes with special emphasis
on mosouito production.
M. S. Thesis, Texas Tech. College,
Lubbock, Texas
1967

Spring population
trends of non-target
insects
following
the
fourth year of the high plains boll weevil control program.
Entomology Special Reper.ts 67-1, Texas Tech. College,
Lubbock, Texas, (with Huddleston)

1968

A sampling study of mosquito production
in natural
and modified
playa lakes.
Ph.D. Dissertation.
Cornell University,
Ithaca,
N.Y.

1968

Studies of insects
associated
with f..:r.psop!,$_.in Latin America
with special emphasis on current
research studies and interest
in developing cooperative
programs.
Entomology Special Reports,
No 68-1 (with Huddleston)

1969

BiologY: and ecology of playa lakes. In:Multipurpose
Modification
of playa sinks--Completion
Report.
Project Number 29, Division
of Water Supply and Pollution
Control, U.S.P.H.S.
Lubbock, Texas
(with Huddleston,
Ashdo,,m, Forehand, and Morris)

1969

Alternate
methods of mosquito control to reduce chemical pollution
of waters for recha:rge of the Ogallala formation.
A Completion
Report.
Project
B-007-TEX, Office of Water Resources Research
Department of the Interior,
Lubbock, Texas.
Water Resources
Center Report WRC-69-4 (with Owens, Huddleston,
and Ashdown)

N1:':.lli?.:
Arthur W. Warrick
Presim"t. Position:

Born:

Soil Physicist and Assistan;t; Professor of Agri0t'_l-t"-tU'c:>.l
Chemistry and Soils, University of Arizona, Tucson, Arizona,
since 1967

December 4, 1940 at Kellerton,

Degrees:

Iowa

B.s., Iowa State University,
1962
H.S., Iowa State University,
1964
Ph.D., Iowa State University, 1967

Previous Career:

1966-1967 Research Associate

and Administrative Assistant of Iowa State Water
Resources Research Institute,
Iowa State University, Ames, Iowa

Relevant and Recent Publications:

1966 Soil water diffusivity

and water content distributions
during outflow
experiments.
J:n "International
Symposium on Unsaturated Flow."
Wageningen, The Netherlands. (in press; Davidson, Biggar, Nielsen, and
Warrick)

1968 Determination

of equivalent radii for half-tube and whole-tube
in contact with an impermeable barrier.
Soil Sci. Soc. Proc.
451. (Warrick and KirkhfµIl.)•

drains

32:449-

1968 Soil-water

diffusivity
values based upon time dependent soil-water
content distributions.·
Soil Sci. Soc. Proc. 32:774-777. (Cassel,
Warrick, Nielsen, and Biggar)

1969 'l'wo-dimensional seepage of ponded water to full ditch drains.
Resources Research 5:(i.n press, Warrick and Kirkham)

'lfater:

I

Name:

James

D. Watson

Present

Position:

Born:

November

Degr e e s :

Previous

Assistant
Professor
of Mathematics,
Utah State University.
ll,

at Minneapolis,

Minnesota.

B . A . , Be ci d j i St at e Co 11 e g e , Bemi d j i , Minn . , 19 5 4 .
M.A., University
of Minnesota,
1960.
Ph.D.,
Iowa State University,
1967!
Career:

1960-1963

Wisconsin
Instructor.

1967

Iowa State

Relevant

1931

and Recent

State

University,

University,

Ames,

Superior,
Iowa,

Wisconsin,
Instructor.

Publications:

1967

A Numerical
Technique
for Solution
of the
Linear Second Order Elliptic
Equation
in the
Plane (unpublished
Ph.D. Thesis).

1969

J. D. Watson and S. G. Wayment.
Computation
of Determinants
with
Entries
(Submitted).

1970

W. N. Chen, R. D. Harris,
and J. D. Watson.
An Extension
of LagranRe's
Method to Certain
Systems of First
Order Partial
Differential
Equations
(submitted).

Machine
Variable

Nrune: Les lie
Present

V. Weeks

Position:

Born:

July

Degrees:
Relevant

Laboratory Technician
IV., Department of Soils and
Plant Nutrition,
University·of
California,
Riversid~
since 1951.

24, 1918, at Lazear,

B. S. University
~h.D. University

Colorado

of California,
of C lifornia,

Berkeley,
Riverside,

1952
1966

and Recent Publications:

1960

Compacted bulk density and hydraulic
conductivity
for indicating
the structural
status of soils.
!t}t,_fg.!!&..__§oil Sci. Trari2 .. 7th
(Madison, Wis.) I: 249-255 (with Richards and Warneke)

1965

A soil compactor and pr.ocedure used £01~ preparing
soil cores
for measureing physical p,operties.
~_op Sci. Soc. Amer.
!'.l':Q.~. 29: 637-639
(••11th Rich?.rds A.no Harneke)

1967

Soil-water
.S2il Sci.

1968

Water and salt transfer
in soil resulting
Soil __
Sci. Soc. Amer. P:rgc_. 32: 193-197.

properties
computed from transient
flow data .
Soc. Amer. Proc.
31:721-725
(withRchards)
from the-~al gradients.
(with Richards and Letey)

Name:

Stanley

L. Welsh

Present

Position:

Born:

September

Degrees:

Previous

Professor

7, 1928 at Rockport,

B. A.
M. S.
Ph.D ..

Brigham

Young University,

Provo,

Utah

Utah

Brigham Young University,
1951Brigham Young University,
1957
Iowa State University,
1960

Career

1957-1960

Teaching

Assistant,

'

1. '

Iowa State

University,

Ames, Iowa.

,

Professor

of Botany,

and Recent

Publications:

1960Relevant

of Botany,

1960

Legumes of :,the NorthlCentral
35 ~ 111-250.

1963

Legumes of ·Alas'ka:

1963

Legumes of Utah:

Brigham

States:

't,

Astr~galus
I.

Young University,

Preliminary

Provo,

Galege~e.

Iowa State
report.

Utah.

Iowa State

Jour.

Proc.

Sci.,

Jour.

Sci.

37 ~353-388.

Utah Acad.,

40:200-201.

1

1963

Presettlement
vegetation
of the valleys
of western Summit and Wasatch
Counties,
Utah.
Proc. Utah A,cad_., 40:163-174
(with E. M. Christensen).

1964

Annotated
checklist
of the plants
of Mesa Verde, Colorado.
young University
Sci. Bull. Bio, ·series,
4(2) :1-32. '(with
Erdman).·
•
•

1964

Plants
Biol.

1964

Legumes of Utah II:
41 :84-86.
•

1964

Guide to the woody plants
p. 160.
(with M. Treshow

1965

Legumes of Utah

1967

Legumes of Alaska

1968

Checklist
of plants
Acad.
45(1):220-248.

19G8

A new

of Arches National
Series 5(1) :1-23.

~pcdf',:;

nf

Monum~nt.
Brigham Young University
(with B. F. ·Harrison
and G. Moore).

Consp!:!ctus ·of the

III:

Genera:.

·Proc.

of Utah. Ed.. 2, Boulder,
and G. Moore).

Lathyrus

II~

Brigham
J. A.

0xytropis

of Natural

'l'ownsendi_~

frnm

L. Proc.

D. C.
Bridges
Utah.

Utah Acad.

Brittonia.

Bull.

Utah Acad.
Press,

Colo. : Brue.tt
42 (2) :214-221,

Journ.
Iowa State
------- - . --- ••
National

Sci.

Monument.
(with

41 :277-31)3.

Sci.
Proc.

J.

Utah

Reveal).

Name: Floyd G. Werner
P.resent Position:

Born:

Professor of Entomology, University of Arizona, and Entc-r.l:;.:,:_nologist, Arizona Agricultural Experiment Station, Tucson,
Arizona, since 1962

June 1, 1921 at Ottawa, Illinois

Pr.evious Career:
1946-1947 Member of Philippines
History
1950-1953 Assistant

Scientific

Expedition,

Field Museumof Natural

Professor

of Zoology, University

of Vernont

1953-1954 Associate Professor

of Zoology, University

of Vermont

1954,-1962 Assistant Profes.sor, later As~rnciate Professor of Entomology,
University of Arizona, and Assistant Entomologist, iater Associate
Entomologist, Arizona Agricultural Experiment Station, Tucson, Arizona
Relevant and Recent Publications:
1945 A revision of the genus Epicauta in America North of Mexico (Col..,
Meloidae) Bull. M. C. Z. 95:421-517.
1957 The syrphid flies associated with Arizona crops.
Tech. Bull. 132, 12 PP• (with G.D. Butler, Jr.)
1960 Carpophilus longiventris

in saguaro blossoms.

Ariz. Agr. Exp. Sta.

Psyche 66: 35-36.

1961 The distribution
and host plants of May beetles in Arizona.
Exo. Sta. Tech. Bull. 147, 19 pp. (with G. D. Butler, Jr.)
1964 A revision of the North American species of Anthicus,
Ent. Soc. America 4:193-242.
1965 Light-trap
41 :10-12.

records of three cactus-eating
(with. G. D. Butler, Jr.)

s. str.

moths in Arizona.

Ariz. Agr.
Misc. Publ.
Pan-Pac. Ent.

1966 The Meloidae of Arizona. Ariz. Agr. Exp. Sta. Tech. Bull. 175, 96 PP•
(with W.R. Enns & F. H. Parker)
1967 A revision
l\.mBrfofl

of Acanthinus

6(); 1?11-'A-

___

(r.oleopl;c-ira:.

_

11nt.h.i~idae). VI.

Ann. Ent. Soc.

~:

Neil E West

Present

Position:

Born:

Associate Professor,
Department of Range Science
Utah State University,
Logan, Utah

1937, Portland,

Degrees:

Oregon

B. S.,
Oregon State University,
1960
Ph.D.,
Oregon State University~
1964
Postdoctoral,
University of Georgia, 1970

Previous

Career:

1964-1969
Relevant

Assistant
Professor,
Department of Range Science,
State University,
Logan, Utah

Utah

and Recent Publications:

Total:

35

1967

Germination
of salinity
Workman)

1968

Soil-vegetation
relationships.in
the shadscale zone of
southeastern
Ur.ah. Ecology 49: 445-456
(with Ibrahim)

1968

Determination of adequate plot size by use of mean distance
between salt desert shrubs.
Southwestern Naturalis·
13: 61-74

1968

Outline for autecological
studies
of Range Ma1ageroent 21: 102-105

1968

Forage moisture variations
on mountain summer range.
Journal of Range Management 21: 228-235 (with Sharif2

1968

_Senecio sylvaticus· in relation
to Douglas-fir
clear-cut
succession of the Oregon Coast Range. Ecology 49: 11011107 (vith Chilcote)

1968

Rodent-influenced
establishment
of ponderosa pine and bitterbrush seedling in central Oregon. Ecology 49: 1009-1011

1969

Successional changes in the montane forests of the central
Oregon Cascades.
American Midland Naturalist
81: 265-271

1969

Tree patterns
in cen:ral Oregon ponderosa
American Midland Naturalist
81: 584-590

1969

Ecotypic variation
Botanical Gazette

1969

Germination of Kochia americana in relation
Journal of Range Management 22: 286-287

1970

Further studies of Eurotia 1~
germination in relation
to salinity
Southwestern Naturalist
(in press)
(l'7ith
Clarke)

of Eurothia··lanate
and temperature.

in relation
to various levels
Ecology 48: 659-661 (with

of range grasses.

Journal

pine forests.

of Eurotia lanata populations
130: 26-35 (with Workman)

in Utah

to salinity
(with Clarke)

Name: George C. Wheeler
Present
~:

Position:
April

Degrees:

Previous
1921-1924
1924-1926
1926-1963
1963-1965
1965-1967
1967----Relevant

Research Scientist,
Whittell
Reno, Nevada 1967--

Forest,

University

of Nevada,

University

of North

10, 1897

A.B., Rice University,
1918.
M.Sc., Harvard University,
1920.
D.Sc., Harvard University,
1921.
Career:
Instructor
of Zoology, Syracuse University
Assistant
Professor,
Syracuse University
Professor of Biology and Head of Department,
Dakota
Professor of Biology
University Professor
University Professor Emeritus

-and Recent

Publications .. (With Jeanette

Wheeler):

1963 The Ants of North Dakota. Univ. North Dakota Press,
1968 The rediscovery
71-72.

of Manica parasitica.

Pan-Pacific

Grand Forks,
Entomologist

1970 Natural history of the genus Manica (Hymenoptera: Formicidac)
Jour. Entomol. Soc. Kansas. (in press)

326 p,
44:

~:

Jeanette

Present

Position:

Born:

Research Associate,
Desert Research
University
of Nevada System, Reno

Institute,

May 21, 1918

Degrees:

Previous
1946-1962
1963-1967
1967----Relevant

1963

Wheeler

B. A., University
M. S., University
Ph.D., University

of North Dakota,
of North Dakota,
of North Dakota,

1939
1956
1962

Career:
Instructor
(part-time)
University
of North Dakota
Assistant
Professor
(part-time)
University
of North Dakota
Research Associate,
Desert Research Institute
and Assistant
Professor
(University
of Nevada; .Biology Department).
and ,Reeeni: I'ttblicaUons

The Ants of North Dakota.

'.

Univ. North Dakota Press,

1968

The rediscovery
44:71-72

of Manica parasitica.

Pan-Pacific

1970

Natural History of the genus Manica (Hymenoptera:
Jour. Entomol. Soc. Kansas (in press)

Q-~
~-

.. ···•?

Forks.326p.

........

Entomologist

Formicidae).

........

~

~.:

Walter

Present

G. Whitford

Position:

~:

Associate Professor
of Biology, New Mexico State
University,
Las Cruces, New Mexico

June 12, 1936 at Providence,

Degr~~:
Previous
1961-1964
196!~-----

B. A. University
Ph.D. University

Rhode Island

of Rhode Island,
of Rhode Island,

1961
1964

Career:
Teaching Assistant,
Associate Professor

University
of Rhode Island
of Biology, N. Mex. State University

Relevant .~;rod Recent Publications:
1963

Cutaneous and pulmonary gas exchange in the spotted salamander
Ambystonia maculatum.
Biol. Bull. 124:344-354.
(With V. H. Hutchison).

1965

Effect of photoperiod on pulmonary and cutaneous gas exchange
in the spotte<! salamander Ambystoma maculatum.
Copeia 1965:53-58 ..
(With V. H. Hutchison).

1965

Gas exchange in salamanders.
(With V. H. Hutchison).

Physiol.

Zool.

34:228-242.

1966 Homin~,survivorship,
and overwintering
of larvae in a population
of spd~ted salamanders Ambystoma maculatum.
Copeia 1966:515-520.
(With A. Vinegar)
1966

Cutaneous and pulmonary gas exchange in amphystomatid
Copei~ 1966:573-578.
(With V. H. Hutchison)

1966

Survival and underwater buccal movements in submerged anurans.
lli:._rpetologica 22:122-127.
(With V. H. Hutchison).

1967

Body size and metabolic rate in salamanders.
40:127-133.
(With V. H. Hutchison)

1967

Relation
Physiol.

1967

Observations
on territoriality
and aggressive
western spadefoot toad, Scaphiopus hammondii.
22:217-221

1968

Physiological
responses to temperature
and dessication
in the
endemic New Mexico Plethodontids,
Plethodon neomexicanus and
Aneides hardii.
Copeia 1968:247-251:

1968

Aerial and aquatic
Ambystoma tigrinum.

Physiol.

salamanders.

Zool.

of body size and surface area to gas exchange in anurans
Zool, Vo. 41:65-85.
(With V. H. Hutchison)
behavior in the
Herpetologica,

respiration
in axolott and transformed
Herpetologica
24:233-237.
(With R. E. Sherman),

Walter G. Whitford

(continued)

1968

Heart rate and changes irt body fluids in aestivating
toads from
xeric habitats.
In:physiological
systems in semi-arid environments.
NSF Symposium. Uriiversi.tv of New Mexico Press

1968

Water metabolism and oxygen consumption in the grasshopper
Onychomys leucogaster
(with ~1. I. Conley)

1968

Energy requirements
of
Uta stansburiana.
678 - 683 (with c .. E. Alexander)

1970

Soil water absorption
capabilities
in selected species of
Anurans.
(Herpetologica,
In press) (with R. F. Walker)

1970

Physiological
responses to temperature in the horned lizards,
Phrynosoma cornutum,and Phrvnosoma doug~assi.
(Cooeia, In press).
(with A. Prieto)

1970

The effect of acclimation
on physiological
responses to
temperature in the snakes, Thamnophis proximus and Natrix
rhombifera~
(Comp.. Biochem. Physiol, In pre·ss) (with E.
Jacobson)

Copeia.

mouse

1968:

1970 Responses of a population of Ambystoma tigrinum to thermal and
oxygen gradients.
(Herpetologica,
(In press) (with M. Massey)

Name: Peter J. Wierenga
P:r.esent Position:
Born:

Assistant

Professor

of Soils,

New Mexico State u-~iv.

1934

Degrees:

Graduate Agricuttural
University Wageningen, T~e Neatherlands
1963 Irrigation
and Drainage
Ph.D. University of California,
Davis,
1968

~_1;eyjous Career::
1965-1968

Post Graduate Research Water Scientist,
Davis.

1968-

Assistant

Relevant~

Professor

of Soils,

Universi.ty

of Calif.

New Mexico State Univessity

Recent Publications:

1966 Water temperature in relation
to crop growth. Annual Report No.3,
California State Dept. of Water Resources.
(with R.M. Bagan)
1966 Effects of cold irrigation
water on soil temperature and crop
growth. Calif. Agric. 20(9): 14-16. (with R.M. Hagan)
1969 Thermal properties
ments. Soil Sci.

of soil based upon field and labratory measureSoc. Amer. Proc. 33: 354-360 (with D.R. Nielson

and R.M. Hagan)

1970 Soil temperature profiles during infiltration
and redistribution
of cool and warm irrigation
water.
Water Resources Research,
vol. 5. (in Press)
(with R.M. Hag.in and D.R. Nielson)
1970 Effects of irrigation
water temperature on soil temperature,.
J.. 62 (in Press)
(with R.M. Hagan and E .J. Gregory)

Agron

liili!l_~:

Stanley

C. Wiliiams

Present Position:
Assistant
State College, San Francisco
~:

1939, Long Beach,

Degrees:

A. B.
M.A.
Ph.D.

Previous

Career:

of Iliology,

Resident

Naturalist,

1966

National

Institutes

1967

Assistant

.San Francisco

California

San Diego State College,
San Diego State College,
Arizona State University,

1964

Relevant

Professor

Professor

1961
1963
1968

Channel Islands
of Health

National

Pre-doctoral

of Biology,

Monument

Fellow

San Francisco

State

and Recent Publications:

1966

Burrowing activities
of the scorpion Anuroctonus
(Wood). Proc. Calif. Acad. Sci.
34: 419-428

phaeodactylus

1968

Methods of sampling
ill· 36: 221-230

Calif.

1968

Scorpions of Northern Mexico:
from Coahuila, Mexico.
Calif.
68: 1-24

1968

Two new scorpions from Western North America:
Vejovis
utahensis
and Ve jovis gertschi.
Pan Pac if. Ent_. 44(4)
313-321

1969

A new species of Syntropis from Baja California
Sur, Mexico
with notes on its biology (Scorpionida:
Vejovidae).
Pan Paci£. Ent.
45: 285-291

1970

Coexistence
differential
(in press)

1970

Three new species of Vejovis from Death Valley, California
(Scorpionida:
Vejovidae).
Pan-P~~ific.
Ent.
(in press)

scorpion

populations.

Proc.

Ar.ad.

Five new species of Vejovis
Acad. Sci. 0ccas. Papers, no

of closely related
desert
habitat
specialization.

scorpion species
-~acif~t:i_t_!

by

Name: LeMoyne Wilson
Present
Born:

Position:

Associate Professor of Soils and Meteorology
(Emeritus), Utah State University.

Hay 22, 1900 at Logan, Utah.

Degrees:
Relevant

B.S., Utah State
H.S. 9 Utah State

University,
University,

1927.
1932.

and Recent Publications:

1959

Wilson, L. Soil Survey of the Roosevelt-Duchesne
area, Utah.

1962

Wilson,

L.

Soil Survey of the San Juan area,

1964

Wilson,

L.

Soils

1965

Soil interpretations
(with H. B. Peterson)
Davis
County,
Resource Series
in
Planning

1967

(with A. R. Southard)
A new system of soil
classification.
Utah Science 28:130-131.

Utah.

of Western United States.
for
No. 27.

~:

William 0. Wirtz II

Present

f.2_sition:

~:

Assistant
Professor,
Department of Zoology,
Pomona College, Claremont, California

August 16, 1937 at Montclair,

Degrees:
Previous
1962-1966

B. A., Rutgers, 1959
Ph.D., Cornell µniversity,

New Jersey
1968

Career:
Research (Administrativ~Curator
{GS-11), Pacific
Biological
Survey Program, Smithsonian Institution,

Ocean
Wasl1ington,

D. C.

1966-1967
1967-1968

Interim Instructor,
Ithaca, N.Y.
National Institutes

Vertebra·te

Zoology,

of Health Trainee,

Cornell
Cornell

University,
University

RelP-vant and Recent Publications:
1960

4

1965

Laboratory observations
on the vesper
181-189 (With D. E. Birkenholz)

1968

Reproduction,
growth and development, and juvenile mortality
in the Hawaiian monk seal.
J. Mamm.• .49(2):229-238.

1970

Ecology of thePolynesianrat,
Rattus
_Hawaii. Ecol. Mono. (in press)

1970

Growth and development
Growth .(in press)

pr~liminary analysis of habitat orientation
P~romyc~.
Amer. Midl. Natl..
63(1):131-142
rat.

J. Mamm., 46(2):

exulans,

in the Polynesian

in Microtus and
(With P. G. Pearson)

rat,

on Kure Atoll,
Rattus

exulans.

Nam~: Arthur G. Wollum
?resent

Born:

Position:

Assistant
Professor of Agronomy (Soils)
Department of Agronomy, New Mexico State
Las Cruces, New Mexico

Univ.

July 26, 1937

Degrees:

University
of Minnesota,
Oregon State University,
Oregon State University,

B. S .
M. S.

Ph.D.
Previous

Career:

1959-1960

u.s.F.S.

1959-1965

Research Assistant
University

1965-1967

Oregon State

Relevant

1959
1962
1965

Research Forester

(summers)

Department of Soils,

University,

Research

Oregon State

in &>ils

and Recent Publications:

1962

The role
nitrogen

1962

Grass seedings
For.

of certain non-leguminous
nutrition
of some conifer
as a control

Range Expt.

Stat.

Res.

woody species in the
seedlings.
Thesis (MS)

of roadba nl~ erosion.
Note 218,

USFS, PNW

Sp

1964

The influence of nitrogen fixation by non-leguminous woody
plants on the growth of pine seedlings.
Jour. of For.
62: 316-321 (with Youngberg)

1965

Symbiotic

1965

Nitrogen

1965

Growth and nitrogen fixation
by Ceanothus velutinus.
Agronomy Abst.
p. 116 (with Chicester)

1966

Characterization
of Streptomyces sp. isolated
from root
nodules of Ceanothus velutinus
Doug1.
~SSA Proc_,!. 30:
463-467 (with Youngberg and Gilmour)

1967

Effect of soil temperature on nodulation of Ceanothus
Y!:luti~~s Dougl.
SSSA Proc.
33: 801-803 (with Yo-;-ngbers)

nitrogen
fixing

fixation

plants.

by Ceanothus species.

Crops and Soils

Thesis(PhD)

17: 16-17 <with Youngberg)

.-.

1967

1967

Nitrogen
yelutinus
Webster)

fixation
Dougl.)

Fixation

of nitrogen by bitterbrush
(fushia tridentat~)
216: 392-393 (with Webster and Youngberg)

lli!,!:~

1968

by excised nodules of snowbrush (Ceanothus
Agron. Abst.
p. 94 (with Youngberg end

Relation of previous timber stand age to nodulation
Cea~~
velutinus
Dougl. For. Sci.
14: 114-118
Youngberg and Chichester)

of
(with

Arthur

G. Wollum (continued)

1969

Utilization
of soil and fertilizer
nitrogen by Ponderosa Pine
In. R. K. Hermann, ed.
Symposium of Ponderosa.Pine
regeneration.
Oregon State University
Press.
(in press)

1969

Nonleguminous symbiotic nitrogen
fixation.
In: D. B. Davey and·
C. T. Youngberg ed. Forest-Soil
Relationship
in No. Am. Oregon
State University
Press. (Proc. 3rd No. Am. Forest Soil Conf.
N. C. State University 1Raleigh, N. C.)
(in press)

1969

Characterization
Abstract p. 127

1970

A conductivity
arbon
ioxide

1970

Ectomycorrhizae
of _Cercocarpus !;>_reviflorus 1,Graz.
(manuscript
submitted)
0~ith Hoeppel)

of the forest

floor

method for measuring
Ecology
(in press)

in pine stands,

~gronm.

microbially·cvolved
(with Gomez)
Nature

Name:

0.

Present
Born:

Lew Wood

Position:
April

Degrees:

Previous

26,

Associate
Professor
from 1969.
1936,

Hurricane,

of Soil

Biophysics,

Utah.

B.S.,
Brigham Young University,
1958.
M.S., University
of California,
Los Angeles,
Ph.D.,
University
of Utah, 1968.

1962.

Career:

1959-1960

Magnavox Research
Laboratories,
California,
Electro~ic
Engineer
Systems D~partment.
•

1960-1962

Douglas Aircraft
Company, Santa Monica,
California,
Research
Engineer
in Space
Vehicle
Electronic
Section.

~962-1965

Sperry Utah Company, Salt Lake City,
Utah,
Senior
Engineer
and Patent
Representative
in
Advanced Systems Department.

1965-1969

Co-founder
of Fluidonics
Research
Laboratory,
Imperial-Eastman
Corporation,
Salt Lake City,
Utah.

Relevant

and Recent

Torrance,
in Radar

Publications:

1963

Wood, 0. L. and H. L. Fox.
Int.
Sci. Technol.
No. 23,

1964

Fox, H. L. and 0. L. Wood. The Development
of Basic Pure Fluid Devices and the Need for
Theory,
Contr.
Eng.
11:75-81.

1965

Wood, O. L. High Speed
Design.
37:119-123.

Fluid

1965

Wood, 0. L.
37:154-180.

Devices.

Pure

Fluid

Fluid Computers.
p. 44-52.

Mach.

Amplifier.
Mach.

Design.

I

1965

Wood, 0. L. and H. L. Fox.
Fluid Computers,
p. 670-679.
In R. Colborn,
Modern Science
and
Technology.
Van Nostrand
Co., Inc.,
New York.

1966

Wood, 0. L. Radiation
Cells.
Electrotechnology.

1965

Wood, 0. L.
38:108-116.

Fluid

Effects

Devices.

on Silicon
77:52-54
Mach.

Design.

Solar

O. Lew Wood (continued)

1966

Wood, O. L. The computer as a design
Electrotechnology.
78:69-82.

1966

Wood, 0 . L . Prop or t i on a 1 • .cl~v i c e s , p . 5 9 - 7 1 .
In W. W. Johnston,
Fluidonic
Design Guide.
Imperial-Eastman,
Chicago .

1967

tool

. Wood, 0. L. Momentum amplifier.attacks
problems of pToportional
f1uidic
control.
~ach. Design.
39:129-132.

Name: Stephen L. Wood
Present

Position:

Born:

Professor of Zoology and Entomology, Brigham
Young University,
Provo; Utah

July 2, 1924, Providence,

-Degrees:

B. S.
M. S.

Ph.D.
Previous

Utah State
Utah State
University

Utah

University,
1946
University,
1948
of Kansas,.1953

Career:

1941-194-8 Student Research Assistant.
Logan, Utah

Station

1948-1950

Science

1950-1953

Assistant

1953-1956

Entomologist.
Entomology Research Institute,
Department of Agriculture,
Ottawa, Ontario,

1956-1969

Assistant
Professor (1956-1962), Associate Professor
(1962-1968), Professor,
(1968-present)
of Zoology and
Entomology, Brigham Young University,
Provo, Utah

Relevant

teacher.

Utah Experiment

Beaver County High School.

Instructor.

University

Beaver,

of Kansas.

Ut.

Lawrence, Kan.
Canada
Canada •

and Recent publications:

1954 Bark beetles of the genus Carphoborus Eichhoff (Coleoptera:
Scolytidae)
in North America. Canadian Entomol. 86:502-526
1954 A revision of North American Cryphalini
Univ. Kans. Sci. Bull. 36:959-1090
1960

Coleoptera:
Micronesia

Platypodidae
18(1):1-73.

and Scolytidae.

Coleoptera)

(Scolytidae:
Insects

---~--of

1963 A revision of the bark beetle genus Dendroctonus Erickson
(Coleoptera:
Scolytidae).
Gt. Basn. Nat. 23:1-117.
1969 Platypodidae
and Scolytidae.
In M. H. Hatch, The beetles
of the Pacific Northwest, Vol. ··vr (in press)
A taxonomic monograph of the Scolytidae
(Coleoptera)
of
North and Central America (in preparation)
Scheduled date
of completion--1974.
About 1000 pages,

Name: William H. Woodin
Preeent
Born:
Degrees:

Position:

Director,
Arizona-Sonora Desert Museum, P. 0. Box 5602,
Tucson, Arizona - since 1954.

December 16, 1925, New York City.
Uni~ersity •of. Arizona, •1950.
Universi~~i'or· ·Galifornia, • 19.56.

B. A.
11. A.

Previous

Career:

Since 1952, at Arizona-Sonora

Desert Museum

Relevant

and Recent Publications:

1952

Notes on some reptiles
from the Huachuca area of southeastern
Arizona.
Bulh Chi. Acad. Sci.
9:285-295.

1954

Aggressive

1954

A new racer
Proc. Biol.

1960

The natural history of the southwest.
F. Watts.
(Contributing
editor)

1960

A unique museum of the desert.

1962

Ficimia
States.

behavior

in Phrynosoma.

Herpet .. 10:48 (w:Lth LmJe)

(genus Masticophis)
from Arizona and Sonora, Mexico.
Soc. Wash. 67: 247-250.
(:vith I.owe)
W. A. Burns, ed.,

New York:

BIOS. 31:66-75

quadrangularis,
a snake new to the fauna of the United
Herpet .. 18:52-53

Name: James R. Zimmerman
Present
Born:

Position:

Associate Professor of Biology at New Mexico State University,
Las Cruces, New Mexico

Norwood, Oh[o, July 12, 1928

Degrees:

B. A.
M. A.

Ph.D.
Previous

Hanover College, Indiana,
Indiana University,
1955
Indiana University,
1957

1953

Career:

1957-1958 Assistant Professor, University of Wichita
1959-1961 Acting Chr., Department of Biology, Indiana Central College
1962-present
Associate Professor of Biology, New Mexico State University
Relevant and Recent Publications:'
1956 Variations in temperature
(with F. N. Young).

in small aquatic

situations.

Ecology, 37:609-11.

1957 Distribution
of the genus Laccophilus in South Dakota.
Entomol. Soc., 30:29-32 (with H. C. Severin).
1959 Habitat segregation as a factor in reducing
among species of Laccophilus.
Coleopterists'
1959 A note of the flight migrations
Coleopterists'
Bull., 13:102.
1959 New Permian insects discovered
130:1656.
(With P. Tasch).
1959 NeN Permian insect

horizon.

J. Kansas

interspecific
competition
Bul~., 13:18-20.

of water beetles

from a temporary pond.

in Kansas and Oklahoma.

Science,

Proc. Entomol. Soc., Washington, 6:259.

1960 Seasonal population changes and habitat
Laccophilus.
Ecology, 41:141-52.

preferences

in the genus

1961 Fossil and living Conchostracan distribution
in Kansas-Oklahoma across·
a 200 million year time gap. ~cience, 133:584-86.
1961 Comparative ecology of living and fossil Conchostracans in a seven
county area of Kansas and Oklahoma. Univ. of Nichita Bull., 30:1-14.
(with P. Tasch) .
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These consist
study proposals.
The first
1970, inviting

of circulars

Appendices
concerned

with the development

of process

was sent to the whole Biome mailing list late in January,
the submission of proposals within certain
specified
fields.

The second was distributed
in February and March, 1970, to members of
review panels, indicating
guideline
for the review process.
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7.1.-1
Appendix A
Process

Studies

for

1971

The first
version of our proposal for 1971 must be ready for review
in March, so we must now begin to prepare material
for it.
It is intended that this proposal should include a somewhat greater
allocation
to process studies than in the proposal for 1970, but that
the distribution
of .emphasis should not be very different;
since our program
is only just getting under way, we cannot yet draw on our experience
to
vary this emphasis, as we hope to do in future.
Accordingly,
it is expected
that this distribution
will be approximately
as follows:
Terrestrial:

Aquatic

Studies

Higher plants
Vertebrates
Invertebrates
Microorganisms
Abiotic Studies

26%
26%
12%
12%

12%
12%

Since limited funding for 1970 has permitted activation
of only a
small part of the process studies included in the proposal for this year,
the majority of those which have been postponed pre carried over to the
1971 proposal,
often with modifications
in accordance with the reorganization
of our ideas which has been taking place in the mean time.
We are, however,
expecting to include some new studies as well.
The fields in which these
are needed are outlined
in the sheets attached,
prepared by the Process
Study Coordinators.
If you think you can undertake one of these studies
in 1971, we would welcome a preliminary
draft proposal,
which should be
sent to the Process Study Coordinator
in question.
A selection
will be
made from those submitted,
with the help of a panel of reviewers inside
and outside the Biome, and each of those whose proposals are selected
will then be put in touch with one or two of the reviewing panel, who
will help in revising
the proposal into a final version suitable
for incorporation into the whole Biorne program.
It should be understood that inclusion
of a study in the Biorne proposal
does not guarantee funding in 1971, any more than in 1970. In the event
of partial
funding of the proposal as a whole, decisions
on postponement
will be made in the light of priorities
as they appear at that time.
It is envisaged that the majority of the process studies will use
existing
personnel,
facilities
and equipment, and will have a budget in
the range of $5,000 to $15,000 for the year, though somewhat higher budgets
are not excluded where the contribution
to the program as a whole is subi::tari-·
tial.
Studies covering several species,
several processes,
be particularly
welcome; and it will often be appropriate

or both will
and desirable

for
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a single study to include material
from different
desert areas, so as
to cover possible
geographical
variation.
Association
with validation
studies or other process studies may often permit joint use of material
or data, and so permit more economical operation.
Such factors will be
taken into account in determining
priorities
and distribution
of funds
among the various proposals.
Though extension for a second year may be appropriate,
each study
should be organized in such a way that the first
year can already be expected
to produce results
of value to the program.
The draft proposals
to be submitted should be about
length, and should be arranged as follows:

two pages in

l.
2.
3.

Title
Personnel
Objective:

4.
5.
6.

Procedure
Expected results
Budget:
an overall figure including overhead will suffice at
this stage, though details
will be welcome if available;
any equipment to be purchased should be listed.
The
budget should be for one year only.
One-page vita(e)
of investigator(s),
with relevant
and recent
publications,
should be added if they were not included in the
Biome Proposal for 1970.

7.

this
into

should indicate
clearly how the proposal
the Research Design for the Blome.

fits

The drafts should be in the bands of the Process Study Coordinator
in question by February 10 at latest.
He will also be happy to answer
questions
about the preparation
of these drafts.
David W. Goodall
Director,
Desert

Biome

Ecology Center
Utah State University
Logan, Utah
84321
(801) 752-4100 Ext. 733

Mf.croo;t:ganisms Process

Studies

During 1971 it is intended that studies on microorgar.isms should
concentrate
on aspects of the nitrogen cycle, and the dependence of rates
of the processes involved on the various factors influencing
them.
The total budget for process studies on microorganisms in the proposal
for 1971 will be of the order of $75,000.
A substantial
part of this
will consist of studies included in the 1970 proposal, but postponed for
lack of funds.
Other processes,
however, for which proposals are now
invited are as follows:
1.

Nitrification
of available

2.

Denitrification
soil nitrates

rates of desert soil microorganisms as functions
organic matter and various environmental variables.
rates in desert soils
and other environmental

as functions
variables.

of available

Outline proposals should be sent to me at the address below; and I shall
be glad to help you with their preparation
if you feel that any points
need elucidation.
Eugene E. Staffeldt
Microbiological
Process

Study Coordinator

Department of Biology
New Mexico State University
Las Cruces, New Mexico
88001
(505) 646-3611
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Vertebrate

Process

Studies

Process studies on vertebrates
figured prominently in the 1970 proposal;
the majority of these had to be postponed as a result of the limited funding
available,
and consequently most will be included again in the proposal
for 1971.
There is scope for additional
projects
it is intended that budgets for vertebrate
in total,
as a maximum. These should cover
which a lensthy period of observations
may
of species important at one or more of the
species are widespread,
the possibility
of
be borne in mind.
New projects

for which outline

in the 1971 proposal,
though
studies should not exceed $200,000
demographic processes (for
often be needed) and food habits
validation
sites.
Where the
geographical
variation
should

proposals

would be welcome are:

1.

Demography and individual
growth rates of white-throated
wcodrat
(Neotoma albigula)
and desert cottontail
(Sylvilagus
auduboni)
as functions of relevant environmental variables.

2.

Seasonal and die! activity
cycles of fossorial
desert
as functions of relevant environmental variables.

3.

Demography of Peromyscus ~aniculatu~
environmental variables,

4.

Demography and individual
growth of antelope jackrabbit
(Lepus
alleni)
as functions of relevant environmental variables.

as functions

mammals

of relevant

Outline proposals should be received here not later than February
If you have any difficulties
or questions,
I shall be happy to give
~ny he]p I can.
10.

Frederic Turner
Vertebrate Process

Study Coordinator

Laboratory of Nuclear Medicine and
Radiation Biology
University of California
Los Angeles, California
90024
(213) 477-1206 Ext. 136
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Abiotic

Process

Studies

Because of limitation
of funds it will be necessary to concentrate
on only a fraction of the possible process studies that would contribute
valuable informatj_on to the teneral research design of the Desert Biome.
We have concluded that we should emphasize the following general areas:

1.

The water balance of the ecosystem especially
as it is related
to radiation
and heat balance.
At this stage we should emphasize
the evapotranspiration
process and prediction
of water content
and movement within the soil profile.

2.

The energy balance in and above the plant canopy.
Studies which
will lead to a prediction
of soil, plant and air temperatures
within and below the plant canopy as related to commonly measur2d
meteorological
variables
are needed.

3.

Salt movement, interaction
and nutrient
cycling within the soil.
Studies should seek to express the relocation
of solutes in the
soil as a function of the factors influencing
it, and should
concentrate
on phosphorus and nitrogen compounds, and on solutes
influencing
soil water potential.

It is intended that the proposal for 1971 will include abiotic process
studies in all three areas mentioned, with total budgets of about $75,000.
We intend to make selections
from the proposals submitted, with the understanding that those selected may need some adjustment to meet the overall objectives
of the Desert Biome; those selected will be placed in priority
categories.
We shall aim at completing.selection
of proposals shortly after February
10. The proposals will then be reviewed to see if improvements can be
made, and should be finalized
within a month from that date.
Please

contact

me if you have any questions.
R. John Hanks
Abiotic Process

Study Coordinator·

Department of Soils and Heteorology
Utah State University
Logan, Utah
84321
(801) 752-4100 Ext. 785
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Invertebrate

Process

Studies

It is intended that process studies for invertebrates
in 1971 should
concentrate
on questions
of demography and food habits of species already
recognized as important in the validation
study areas~·- particularly
polyphagous forms.
The total budget envisaged for these studies is about $75,000,
part of which will cover those included in the 1970 proposal and postponed
through lack of funds.
Other subjects
on which outline proposals would
be welcome are as follows:

1.

Reproductive,
as functions

2.

Demographic parameters of western harvester
ant (Pogonomyrmex
occidentalis)
as functions
of various environmental
factors.

3.

Demographic parameters of leaf-cutter
ants (Acromyrmex versicolor)
as functions
of weather and other environmental
factors.

4.

Reproductive,
caterpillars
on paloverde

5.

Kinds of food consumed in relation
in western harvester
ant.

to food-item

availability

6.

Kinds of food consumed in relation
to food-item
in leaf cutter ants of southern deserts.

availability

mortality,
of various

and developmental
rates
environmental
factors.

of desert

grasshoppers

mortality,
and developmental
rates of defoliating
(Bryotropha Jn.illt.ualis
and Telechia albipectus)
as functions
of various environmental
factors.

I should be happy to answer any questions which may arise,
and would
like to receive your outline proposals by February 10. Vntil January
30 I shall be at the address below, and after February 5 shall be at ~he
Museum of Comparative Zoology, Harvard University,
Oxford Street,
Cambridge,
Massaclrnsetts
02138, until June 15.
Floyd Werner
Invertebrate
Process

Study Coordinator

Department of Entomology
University
of Arizona
Tucson, Arizona
85721
(602) 884-1635
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Plant

Process

Studies

Plant process studies to be included in the Biome proposal for 1971
will concentrate
on photosynthesis
and the accumulation of dry matter,
and its distribution
among plant organs during vegetative
growth.
The
rates of these processes should be determined in relation
to the major
factors influencing
them --which may include temperature.
radiation,
soil
moisture, and defoliation.
The possibility
of ecotypic variation
needs
to be borne in mind, so that material from different
sources should be
compared where appropriate.
The studies should deal with one or more
of the species important on the validation
sites,
the provisional
list
of which includes:
Northern

deserts

(a) Shrubs
Artemisia tridentata
Atriplex confertifolia
Eurotia lanata
(b) Grasses
Sitanion hystrix
Oryzopsis hymenoides
Agropyrum spicatum
Poa secunda
Southern

deserts

(a) Shrubs
Larrea divaricata
Cercidium spp.
Prosopis juliflora
Franseria spp.
Opuntia spp.
Aplopappus tenuisectus
(b) Annuals (summer and winter)
We envisage that the total budget for plant process studies in 1971
will not exceed $200,000.
The major part of this will probably be made
up of studies included in the proposal for 1970, but postponed for lack
of funds; most of these fit into the requirements mentioned above, or
can easily be modified to do so. Other proposals falling within this
range are invited,
but it would seem that there is a special need for
(a) Studies of root growth of most of the species in the list above,
relating
the rate of growth to controlling
factors,
and to the
behavior of the aerial organs.
(b) Studies of the effect of environmental factors on the rate of
photosynthesis,
dry-matter accumulation,
and growth of vegetative
organs in Prosopis juliflora,
Franseria spp., and Cercidium spp.
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For three of the species in the list above-- Artemisia trident~ta,
~ropyrum spicatum and Larrea trid~ntata-a considerable
amount of investigation has already taken place.
Despite their importance,
they are accordingly
given lower priority
until existing
data have been properly evaluated,
If you have any questions,
I shall
proposals
should be sent here to arrive

be h2ppy to answer them. Outline
not later than February 10.

Samuel Bamberg
Plant Process Study Coordinator
Desert Research Institute
University
of Nevada System
Reno, Nevada
84507
(702) 784-6744
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Process

Studies

for the Aquatic Ecosystems

Process studies of aquatic organisms to be incorporated
in the Biome
proposal for 1971 will have a total budget of the order of $75,000.
At
the time of writing,
the relative
importance of different
species in our
proposed validation
studies suggests the following as important early
priorities.
1.

Net photosynthesis,
growth, and nutrient
uptake in the aquati.c
macrophytes:
Ceratophyllum demersum, Potamogeton pectinatus,
Ruppia maritima, and Ruppia occidentalis
as a function of temper~ture,
light,
and mineral supply.

2.

Dynamics and productivity
of the invertebrates:
Cybister elliptic~~and Cybister explanatus (Insecta:
Dytiscidae,)
Gammarus lacustris
(Crustacea:
Amphipoda), _!lydropsyche spp. (Insecta:
Trichopter:1)-.
and Enallagma spp.
(Insecta:
Odonata) including:
determination
of life cycles and food habits, reproductive
and mortality
rates,
growth rate, respiration,
ingestion and assimilation
in relation
to temperature,
current velocity (if applicable),
food type
and availability,
age class, and population density.

3.

Dynamics and productivity
of the fishes:
and Gila atraria,
including:

Cyprinodcm ~vadensis

a.

distributional
pattern as a function
food availability,
and environmental

of population
factors.

density,

b,

quantity and composition of food consumed, for each age
and sex class, as a function of available
quantities
of different
classes of food, environmental factors,
and distributional
pattern.

c.

change in biomass, including fat content, in different
age
and sex classes as a function of food consumption and enviro::1mentaJ
factors.

d.

respiration
and excretion in different
age and sex classes
as a function of food consumption and other factors.

e.

~ortality
(other than predation)
in different
classes as a function of nutritional
status,
factors,
parasite
load, and disease.

f,

reproduction
nutritional
factors.

age and sex
environmental

in different
age classes as a function of sea.son,
status,
distributional
pattern and environmental

Salmo gairdneri
is important at Locomotive Springs, but has already
been the subject of intensive
investigation.
Process studies on this
species will accordingly be postponed until after existing data have been
fully evaluated.
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Outline proposals on the subjects mentioned above are invited,
a.nd
should be received here not .later than February 10. If any problems arise
in preparing them, I shall be happy to give any help I can.
Wayne ~Iinshall
Aquatic Study Coordinator
Department of Biology
Idaho State University
Pocatello,
Idaho
83201
(208) 236-2236
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Appendix B

Ecology Center
Utah State University
Logan, Utah
84321
January 26, 1970

To Prospective

Members of Review Panels:

We are asking the help of a number of senior scientists
inside
and outside the Biome organization
in reviewing proposals
for process
studies.
These fall into six fields,
each under the supervision
of a
Coordinator:
Abiotic,
Plants,
Vertebrates,
Invertebrates,
Microorganisms
and Aquatic.
We have issued to our whole mailing list invitations
proposals
for research
designed to answer specific
questions
fields.
The questions
posed are those which seem at present
highest priority
in the light of the program as a whole.
We would like

your help

to submit
in these
to have

in two ways:

1. If there is more than one proposal to obtain an answer to
the same question,
or if the proposals
submitted within this field exceed
the volume which can appropriately
be included in the Biome proposal as
a whole, we shall need to make a selection.
We shall choose some members
from the review panel (taking possible
conflict
of interest
into account)
to assess the proposals
and advise us on which have the greatest
merit
for the specific
objectives
set, and whether, in the case of related
proposals,
some combination of them would be desirable.
2. Once a firm list of investigators
and proposals
to be included
in the 1971 program has been prepared,
the second phase of the reviewers'
task will begin.
This will consist
in helping to improve and polish the
selected
proposals.
We intend to ask one or two members of the panel
to take responsibility
for each proposal in this way-- to make contact
with the investigators,
to suggest improvements in approach, techniques
and presentation,
and altogether
to help this proposal make its maximum
contribution
to the success of the Biome program as a whole.
I am sure you will understand
that an effective
application
of this review procedure can be a valuable
contribution
to our operation,
and I very nmch hope you will feel able to help.
David W. Goodall
Director,
Desert

Biome

